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Uie lliidURg des (ilaucoms erlblgl chroi.isch 
'oder acuL 

Bei der chroniach^^n Bildung (rill enlW4:der 
ohne nachweislart Enizündungsträcheinungen , oder 
nach dem J^theinbar vollkoinmen günstigen Verlaufo 
einer mehr ofler wenigi-r ousgi'pragkn sogenannten 
gfchtifichen Entzündung, als erstes charakteristi- 
feohes Symptom, unler steliger Functioneabnabme, das 
glauconiatöfie SehnerTtnleiden hervor und 
verharrt aIhnJihg: zunehmend, oder scheinbar unver- 
iJndtrt und f^ltrt durch ManaLü und Jahm, — bis 
sich endlich ühne niirhwn^bnre EnTzündung.^er^chei- 
nungen such die übrigen Symptome des Glaucoiiis 
iillmüligj oder hüufi^ür unter dum Erntrille einer 
chronischen oder mehr aculen Entzündung: (inil oder 
ohne dcullich Qu^girsprocbcnen Remissionen oder solbj?t 
Intermis^ionen von geringerer oder läiigi^rer Daui^r) 
rascher zu ihrer vollen Uöbe hervorbilden. 

In diesem lelzteren Falte, besonders wenn durch 
daä ächon langst bestehende glaucomalüse Seünervtn- 
tejdcn die Function nicht in zu störender Weise beein- 
träclitiget war (z. ß. in massigem Grade bloss auf 
einem Auge und zwar an dem an und für sich schwä- 
cheren, wo es di?r Patient wiederholt übereiehl), wird 
nicht eelleii die Bildung des Glauconis für eine acute 
oder subacule gehallen. 

Bei der acuten Bildung irelen unter den binnen 
wenigen Ta^eti oder aelbsl Slunden zur vollen Höhe 
Mch entwickelnden Entzündungs -Erscheinungen , als 
erste charakteristische Symptome, die längst b e- 
k » n n t e n I lorsugsweiee mit uiibewalTnelem Auge 
erkennbaren Erscheinungen des Glaucoms hervor, wo- 
bei jedoch «ich auch dns ginucnmatöse Sehnei-ven- 
leiden, der Inlensitfit und D»uer der Entzündung ent- 
sprechend, Ts\hch eiilwifkilt: so dass oft schon nnch 
kurzer Zeit unter dem Verschwinden der Enlzündung^.- 
erficheinungen dm vollendete Bild des Glaucoms sieh 
d^ir« teilt 

Euie A/isJchl übiT da* Wet?cu Äv* ^ft'ä ÜiVä-^lw^ 
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und die Trübung der Medien zunehmen, ächwierig^ 
JR unmöglich wird, eine Aurg:abe^ die nur durch eine 
^oTgMiige Sondorung und Würdig;ung der» einzelnen 
Erscheinungen, in ihrtm isoÜrleii oder gemeinsamen 
Auftreten, mit einiger Sicherheit zu lösen ifit. 

So sehen wir hei dein unter Entzündungserschei- 
nung«n sich bildenden Giaucom hjulig die S^mploine 
d«ä, Ie(zteren durch die ersteren Iheilwette auEiallen- 
der ausgepragl, scheinbar vernirhrl , andt^rerseits 
mdir verw'Sfht und unkrnnllicb gem*iclil: dagi'geii 
bei dem mehr oder wejiiger aculen Auflfi^leo t'iner 
Eiitfltindiiig in einem glaucomatösen: Auge^ Bowio, bei 
der.' oli sponlafii eingdeileUn Miaderung oder voli- 
Bländjgen ßütkbiidung' durselben. ^ . im. liera Auftreten 
Ufld' Vi-Tsclnvüiien der einzelnen, ofl der auQälligölen 
ja. eelbät wiederholt für Giiiueoin-^y Dtp Lome ' genum- 
mener Erscheinungen, vur allem die Entzündungä- 
sympiome sich charaklerisir<^ni 

Andererseils, aber bieten die sonach zurückblei- 
beAdeo und nach jedem emeucrlen EnlzündungaaiH 
Falle, deujliclier ausgepräglen Veränderungen, so wie 
die Bildung des Glauconiii uhne oder mit uabedeit- 
tenden Enlzündungserscheinungen, die beste Gelegent- 
heil zum Studium der Glaucomsymplome dar^ 

in den bisher beobachlelen Fällen von Giaucom 
habe ich eben so wenig spontan, od«f nach Anwen- 
dung einer bis nun gepriesenen Therapie', als nach 
der.lridecJomie, eine Rückbildung der Glaucomsym- 
plonie, nachdem, einmal die Enlzübidmig&firächemungen 
verschwunden waren, beobachtet; ja.tes Itit si^lbst 
noch die Frage, oh nicht die früher angi'gfbi^nen 
Veränderungen (an den mit unbewaffnetem Auge 
erkennbaren GlnucoinBymplomen , noch der Iridecto- 
nue) auf Rechnuj&g von Enlziiniiungsiriwheiiiuirgon 
zu stellen sind , gleichwie njan so häufig in Fällen^ 
wo eich niemals Glaucunt bildet > hd dem ße^tt^hen 
Imehr beachränkler oder verbreileler Choiioideilis 
tiriduchüriuideitis) ähnliche Ersehe inun^eu t^ivi.Qyv- 
liürnvaro^en, Trübung, der ^ftfcü, .\>es.üv\&.wc& \vv. 
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'aylor Johann ^), I7.i0, fiiehl in dem Glau- 
com ein Augunleideii, in WLlcLeni das Linsensy^tcm 
am Umfange zuarbmo , seine Durdi.*ichl i^keit ver- 
liere, sich verfärbe, wodurch die Kammern verklei- 
ncrl, die Iris hervorg:etIrängl , die Pupille erweitert 
und unLew^'glich werde, und behauptet, dass der 
Druck der ansdiwelkndeu Linse auf (Jie übrigen 
Theik di:fi Augapfels, besonderfl die Aderhüuli Relina 
und Sehnerve, Schmerz im Kopfe und der Umgebung 
des Anges, Slörungen in der Blulcireulation, Erwei- 
ierung der Gelasse und Verlust des Sehvermögens 
erzeuge. 

Deemonceaux'), 1786, hält ld Folge palho- 
logisdi-BnalomJFelii'r UnlcrsLchungcn dos Glaucom 
für eine Veränderung ^aiteration) dee Claekörpers, 
welche immer eine Folge und Wirkung des fichwar- 
zen Slaares sei, der sich enlwt^der allmäJig enhvickle, 
oder durch ein enlzundJidtes Leidt'n, in welchem das 
IBIut mit Heftigkeit zum Gehirne steigt, rasch erzeugt 
werde- 

Die ersten klaren und vollstiindigfn Darstellungen 
der Bildung des Glaucoms heferlen Th. Arnold *;) 
1760; Arrachart J. N. % 1786, besonders aber 



') Pia In er institutionea chirurgiae ratioiialia. Lips, 
1745, 8. S. laOfl. pnp. RSft. 

') Taylor; Mec^miiJstniisi, o^ler nctiE Ahhnndluog von 
der künsllichon Zus,iDiQiL'nsüUuiiß iles mcDBchlicben Auges. 
Teirlscli. Fr.inLfuil am Mnyn , 1750, 8. cap. aSj pag. 152, 
cap. 47, pag. 338, cnp. 48, pag, 349, g. 216; — und kiiric 
Anleitung zu dtn Vorlesungou über Jie HrrnikbeiK^ii i]es Aug- 
apfels elc. FrankTurt, 1750, cay. 22, pag. *il spq, 

") DesraoQceaUÄj Trailü des Maladii's de Yeu\ t:l 
des Oreillesf Paris, 17&6, B> Tom. I, scctio 3^ pn^. ig7 sc^j. 

*) Lfl fabi'iqiie ou fonrormaliüii clo T oiil tl les diffv- 
rents (Icraogemenlrj de la yue etc. Traduil de i' angkis en 
allemand par Th- Arnold. Lcioso. 17Ö0, 8. c^p. 14, pag. 
71 etCf siebe Siehe] in Aunalcs li' oculistique, BruxeJlcä, 
1842, Tome VH, pag. 77. 

*) Arracbart J, N. Trailä des maladiea 6es Tcnx, 
1786- Manuscrjpt im Besitze Sichel«, %\c^\^ k«&^<t% 
d'ocul, lö«, Tom. Vit, png. 84. 
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riL Conreraing Non-aurgical Measurcs for the Re- 
dnction of IntreaHed Intraocular Tension. 
Abstnict:— 

(a) The use of myotics; Ihär preptiraÜor, meÜiod 
of adoxIiiI&tratLon, and explanation uf iheir 
äotioD. 

(b) Rediictioii of increascd inlraocular lension by 
means of varlous mirchmiicul meusurtrs, not- 
ably massage, vibratFon massoge^ EucUon 
massa^, clectricity and diathermy. 

(c) IndirtcL reductioa uf mcrtased intraacular 
t^nsioD. brougbt about by lowerlng the gen- 
eral vaacular pressure. 

(d) The relation o* osmosls, lymphago^e activity, 
the absorption of edema, the sUmulaHon of 
capUlary contrurtiÜiy, and the lowering of 
Üic »JEiiiLy of uciüar colloida far water in 
their relation to Ihc reduction of increased 

intraokular teQsion. 

DR. GEORGE EDMUND DE SCHWEINITZ, 

Philadelphia. 
Discussion by Dr. Nelson M. BlacKj Milwaiikee. 

IV. Trephining for Glaiicoma. 
Abstraft : — 

(a) The aim of the Operation is the formatJon of a 
foreign-body-free fistula, 

(b) It is EDOst impartant to lea^e uveal tissue ud- 
tooched, 

(c) Method of doing thi3 cxplalned, 

(d) Tbe arca a^ailable for trephining. 

(e) Method of increasJng that area. 

(f) Cornea Splitting, 
fg) Placing of trephine. 
(h) Technique et using trephine. 
(0 The Operation ia not difficult, 

Operation vatuahle os a pmphylartie 



The 
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DR. ROBERT H. ELLIOT, F. R. C. S., Lient-Col, 

I. M. S., Madras, India. 
DiscnBSion bj Dr. Frank C. Todd, Mimieapolifl. 



Sehne des Musculus 6bl\q. superjor, und des Bauches 
ließ Obliquus inferior vor 

V. Ammon '), 1S38, glauht ebenfalls, dass das 
Glaucom sich Iheils aus einer Apoplexie der Chori- 
oidfa und Cenlralgefasße , Ihcils aus einem enlzünd- 
lichen Zuslande der Chorioidca hervorbilde. 

Cheliue M. J. *}, 1839, sieht im Glaucom den 
Ausdruck orgsniscilier Veründeninp:i'n in der Choi'i- 
üidca, und hiedurch eingeleileti: coiiseculiv Vcvände- 
mti^cn in allen übrigen Gebilden des Auges, die 
sich langsam im ZeÜraume von Monaleii und Jahren 
odtr schnell im Verlaufts einer heftigen Chorioideilis 
entwickeln, und ihre verattiftssendi* UiAaehe in Gicht- 
leiden und mit der Gichl mehr oder weniger in Cau- 
salbezichung stehenden Krankheitezus landen fmdea- 

SchrÖder van der Kolk^), 184 1^ sucht zu 
Folge fitincr pothologiscEi - anatomischen Untersu- 
chungen in der Chorioideiti* die Ursache dca Glau- 
coDts, und erklärt dafiselbe und seine Symplome^ be- 
sonders die ei^eiithurnlidii; Farbveriinderuiig in der 
Tiefe des Auge^ dnich eine zwischen Churioidea und 
Retina geselzte Hbrü-albuminöse Exsudation, 

Sichel*), 1841 — 1S42, hühaupiet in seiner 



Jungken, die Lehre toq dt^n A ugca krank hätcn^ 
Bcrlm, 1636, Ä. Aufljigij Q, pa--. .^65 &cc]. 

■} Slromeyer iji L L Casppr's Wochensphrin für 
die t^esamaitc llpüliundo. Berlin, lÖH, 8. Pfr. 33, pag. 532. 

') V. Anjmün- Kliniaclie Daiatcltungen der krH-ink- 
lu'ilen und nildiingäretiter des raeDSctdiehen Aufss, ßcrtiu, 
1838, Tl:eil 1, Fol.. Tab. X, Fig. Ü sec]. 

'} Ciiutius J^lasrnniaii Josfptii Handbuch der Augen- 
hcntinide. S nligart, tttSfl, b. Üand U, pag, 192 seq. 

^] Sclifüj^r Vfin it^r Kolk. AiiaLouii<ic1i - putholü- 
giscbo opmcrtingen ovcr de ont^Lcklng v^n t>ciugc inwcn- 
d]g6 deelCD MAn het Aog, an bijzondvr over cborioideKij^ iils 
uorzank vau glaucom^; aiehe Sichel in AimaL d'oeuli^t. 
18«. Tom. Vil, phg, 219. 

*) Sictiül; Mumotro surle Otiiucöme; in annales d'ücu- 
lisliquc. Bruselles, 1841- Tome V, VI, VII; und rropositioQ 
äur le Glaucöme; Annale^ d'oculistique, 1&41^ Xotaa'^'^, 
pflg. 39 seq. 
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!um Missver;slän(Jiiia&o zu vcrmeiilpn, für unbedingt 
nolh\\endig, auch fiTnerliin nur jenes Krank- 
heilsbild, nur jenen Complex von Ge- 
websveränderungen und Funclionsstö' 
rungen mit dem Namen Glaucom zu bezeichnen, 
für vekhe die SUeren ÄtäIö dkat'n Aufdruck gv- 
brauchlen. Ein Krankhcilj-bild, m ile^^en cJiarakle- 
rislisclien allseili^ t>ekannlen Erscheinungen heut zu 
Tage, rnlsprechend den dermal gf^ebenen Forlschridt^n 
in der Erforschung von Krankheiissymplomen, nur 
noch die Erechi'inungen dos gla ucnmn tosen (ar- 
thriti.^chen) SphnL^rvenlcidfns hinzuzufügen sind. 
Beachtet man solche cnlvickelle und di-'uUich aus- 
geprägte Glaucoiiie, to tritt gi^Miss eint nähere Er- 
örterung der Loculi^alion ucid Eulwickt^Zuiigäart di^r 
gegebenen Erscheinungen unü der diesi^n zu Grunde 
liegenden inalerieKea Veränderungen, \or Allem sls 
wichljg hi.'nor. 

In dieser Beziehung dürFle heut za Tage wohl 
kaum eine der Ansichlen jeniT älteren Forscher hall- 
bar erscheificn, ivekhe die charaklerisd^chen Erschei- 
nungen des Glaucoms auf das Leiden einzelaer Or- 
gane des Auges zurückzuführer suchten. Im Gegeü- 
Iheile scheint sowohl durch die alleren, als insbeson- 
ders die neueren Beoliaclituigen (vor Allem an Le- 
benden") eine Störung der Ernährung und Function 
sämmfticher Organe des Auges, im unterschiedhchon 
Grade nachgewiesen zu sein. 

Im menschlichen Au£re finden sich drei or Ic i 
üauplgefässbezirke von einander mehr odtr 
wenigiT voltständig gelrennl vor, und zwar die dt^r 
Ceiilralgeffisse, des hinleren SLlerottcalgtfasöUranzts 
und des Chorioideatgef^ssÄysiemes. 

Diesen Gefnssbezirken entsprechend gränzen sich 
auch im Auge deutlich drei Haupternährungs- 
gebiete ah, wie man so häufig bei der Enlwicke- 
lung und Vrrhreilung der verschiedensten krankhaflui 
Vorgänge im Auge, besonders \q\\ Ü\\lc ^^^ Ka.^^\v- 
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tension is maintained with a oontinuous 
flow of fluid into the eye and a correspond- 
ing outflow, Complete interruption of the 
nutritional streara would be speedy death; 
partial interruption may be held responsible 
for most of the visual impaiiment and pain 
of glaucoraa. 

The balance of intra-ocular pressure ia 
not maintained by the slight distensibility 
of the sclero-corneal coat. Increased pres- 
sure does not open new Channels for the 
escape of Intra-ocular fluid; if, indecd^ it 
does not tend to close the normal Channels. 

The affinity of the tissues for water, or, 
as Fischer explains it, the affinity of the 
tissuc colloids for w^ater, seems too little 
related to the requirements of ocular func- 
tion to furnish the needed regulation of 
tension. The lymph Spaces and blood- 
Channels of the eye are large, as compared 
with the mass of its tissue colloids. In 
these Spaces and Channels must be sought 
a means for rapid response to the need for 
regulation of intra-ocular tension. Fischer 
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menarhlichen Körpers, so dürfle wobi schwer der 
eigenUiclieEnlwickelungsherd bt^m Gfaucom In cirem 
beschräiiklm Ernüliruüg;sg;ebiele drs Auges selbst zu 
Euchen eeiii , im Gcgcniheile hietJurch viel eher auf 
eine Au^br eilung d^tr Störung, von einem 
für die vers cliiede nen Ernälirun o;sgel)ie[ e 
gemeinschaftlichen und daher entfern- 
teren Ausgf an^spiinkte, odr^rauch buT eine auf 
diesem Wege vcrmiltelie Verbreitung;, von einem Er- 
uahrungsgebiele auf das andere, hingedeutet werden. 

In wie reniR man hiedurnh berechtiget ist, indem 
Glaacom rten Ausdruck einpr Ernahrungs- 
störuRg überhaupt im Gebiete der hinle^ 
ron Ciliar-Ge f a BB e zu sehen, können nur wei- 
tere Bcobochlun^cn eeltsom begründen. 

Wie ich schon in einer früheren Vcröffea Eichung 
(siehe über SlaphylomB poslicum , Zciledirift für 
prakfitche Heilkunde. Wien, 1856 Kr. 32) erwähnte, 
zerfullen die nacli Abgabe der Arteria cenlralia 
Blüh BUS der Arteria oplitholmlca entwickelnden hin- 
leren Ciiiargefässo in zwei Panien. 

Die eine derselben, aus häufig zwei der eläik- 
slen CiÜargeHissPn bestehend, verzweigt sich in dem 
hinrerenTbtile der Scierolica, woselbst dieselbe einen 
den durcbiretentlen Sehnerven in nul^^sigeui Abtiaüde 
urnschliessenden Scleroticolgefiisskranz (Circulus ar- 
tfriosus sclerolicQe posterior) bildfl, und deren Zweige 
haupisilelilich in der Sclcrolica und dem SehneiTen, 
und nur zu einem geringen Theile und beschränk! in 
der Cliörioidea sich verbreilen. 

Aus der anderen Partie der Ciltargefa.sse ent- 
, wicheil sieh nach der Durchbohrung der Sclerolica 
vor Allem das ChorioideaJgerässsystemH 

Gleich wie nun das Chorinidealgefasfisyslem si'in 
abgeschlossenes, von dem dos C en I ra lg eßss syst cm es 
strenge geschiedenes Ernahrungegebiet besilzt , so 
ßrenEt «ch auch deullich ein dem hinleren ScleroticaU 
gi?fäs&kranze enUprechcndes Ernälirungsgehiet a^x^ 
welehes aber nicht nur dei\ ^eUt^L'iTiÄ.tw. 'Wii'\ ivx 
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crease of fluid entering into the eye is the 
cause of glaucoma. A normal, or even a 
low arlerial blood pressure is suificiently 
above the normal intra-ocular pressure lo 
furnish a source of intreased fluid in the 
eye. Increased arterial pressure has heen 
found in a large proportion of cases of 
glaucoma; and niay be necessary to the 
production of the highest intra-ocular ten- 
fiioQ, A sudden relaxation of the arterial 
walls, that would permit the arterial blood 
pressure to make itself feit in the eye, might 
cause an important rise of intra-ocular ten- 
sion and may be a f actor in the etiology of 
acute attacks, It affords a possible mech- 
anism tlirough which may be produced the 
recognized glaucomatous effects of certain 
nerve disturbances. But such attacks are 
not commonly associated with noticeable 
flushing of the head and face generally; and 
paralysis of the cervical sympathetic is 
known to lower the intra-ocular tension, 

Capillary blood pressure must lic be- 
tween the arterial blood pre.ssiu'e and the 
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venous blood pressure. Tt must IBe closely 
associated with the iiutritlonal processes Uke 
aecretion or inflammation; beyond this we 
know little about it. The association of in- 
creased blood pressure with glaucoma seems 
to be generally an üidirect one through 
vascular lesions and disturbances of nutri- 
tion. 



Obstrucied Out flow 

A reservoir with a free outlet can only 
fill during a flood; and then quickly cmpties 
itself again, The outflow Channels in the 
normal eye provide for carrying away of 
the waste products of such an active nutri- 
tion, that it is hard to think they will be- 
come inadequate in glaucoma iintil there has 
been a marked decrease from their normal 
capacity. Priestley Smith has pointed out 
that the glaucomatous eye softens more 
slowly than the normal eye after enuclea- 
tion, in spite of the fact that a greater force 
is operating to drive fluid out of the eye. In 
his recent tonometric studies Schoenberg 
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notedthat under manipiilation the glau- 
comatous eye softened more slowly than the 
normal eye; and suggests this diminished 
drainage as an important evidence of glau- 
coma. 

Obstructed outflow might begin in an 
abnormal lendency of tbe tissues to retain 
fluid, a tendency that Fischer might locate 
in the colloida, The increase of intra-ocular 
pressure noted in cases of uveal inflamma- 
tion, to he presently referred to, may be 
due to some such tendency. But it is ra- 
tional to ascribe to obstniction of the flltra- 
tion angle of the anterior Chamber, the im- 
portant part it has been supposed to play 
in the pathology of glaucoma, However 
this obstruction may be brought about, 
whether by thickening of the ins root dur- 
ing dilatation of the pupil, pushing forward 
of the iris root by the larger ciHary processes 
of age, or the enlarged crystalline lens 
pressing on the eiliarj" processes; or by in- 
flammatüiy adliesioii of the ins to the filtra- 
tion area; ballooning of the iris, or its dis- 
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plai^ement by traumatic cataract; or ad- 
hesion to the comea after perforating ulcer 
in the secondary glaucomas; or whether the 
obstruction is due to the accumulation of 
experimental precipitates, as shown by 
Schreiber and Wengler, or possjbly of pig- 
ment granules into Fontana's space; or a 
process of sclerosis elosing the spaces by 
contraction of new-formed connective tis- 
sue, or the covering over with proüferating 
implanted epithelinm following in Jury 
opening the anterior Chamber ; glaucoma 
follows impairment of this drainage space, 
and iessened outflow through it. This block- 
ing of the angle of the anterior Chamber 
must be regarded as an established fact in 
the etiology of glaucoma. But because it 
is so definitely established, and because so 
much work has been done with reference to 
it, we may attach to it an undue impor- 
tance- 

The escape of the outflow of fluid from 
the eye is ultimately through the veins. 
The general venous blood pressure is so 
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citement of watching a play at the thcatre, 
was noted agaia and agam. In JavaVs 
case, the attack fatal to one eye came at the 
cnlmination of an exciting electoral cam- 
paign. Tbe other eye was stricken at the 
tennination of the Dreyfus case, in whicb 
Javal was intensely interested- There 
seems to be a special liability to glaucoma 
among those residing al high altitudes, best 
expiained by nerve influence. The fre- 
quency of glaucoma among Jews may be 
due to a suiall cornea, as snggested by 
Priestley Smith; but it is quite as reason- 
able to eonnect it with a racial excitability 
or nervous instability, Morc definite 
knowledge of the nervous mechanism con- 
cerned in the regulation of intra-ocular 
pressure and the production of glaucoma is 
much needed. 



Älteratiom of Fluids and Tissues 

The influence of increased aflinity of the 
tissues for fluid has already been referred 
to. That a similar obstacle to the eacape of 
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fluid from the eyeball night be due to a 
change of character in the fluid, is a con- 
ception that has been entertained as a work- 
mg hypothesia, and much experlmental and 
analytical work has been done to tcst its 
correctness- This work haa been so shghtly 
related to practical ophthahnology, and so 
contradictory in ita results that alterations 
in the fluids can only be regarded as a pos- 
sible etiologic factor. Glaucoma secondary 
to intra-ocular hemorrhage, Operations on 
the lens or its eapsule, or severe nutritional 
disturbance may be capable of such ex- 
planation. 

Different Kinds of Glaucoma 

A better grasp of the etiology of glau- 
coma may be attained by considering sepa- 
rately varioiis types of cases; although per- 
fectly typical cases may be rare; and cases 
of roixed type and etiology much more frc- 
quent. 

Simple glaucoma has been recognized as 
closely related to atrophy of the optic nerve 
with deep excavation, No hne of demarca- 
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tion can be drawn between them, escept by 
reserving the term of glaucoma for cases 
that depart from the pure type, tenninating 
in glaiicoma of some other kind, which is 
DO more significant than the passage of a 
Conjunctivitis into a keratitis, or an Iritis 
into a glaucoma. Cases of simple glaucoma 
do run their course of many years to com- 
plete blindness, or to death, without exacer- 
bations, inflammation, or characteristic 
pain. In such cases the intra-ocular ten- 
sion does not rise suddenly; and it may be 
little or not at all elevated above the usual 
normal limit, 

For nine years I have watched the prog- 
ress of such a glaucoma in a man now aged 
87, with slow development of glaucomatous 
cupping of the optic disc, now more than 
8 D, dcep. The tension has nevcr been 
noted at more than Plus T{?), and when 
taken with the tonometer varied from 9 to 
S2 mm. for the worse eye, and 13 to 24 mm. 
for the other. Similar cases in which the 
tension lay within the conmionly accepted 



normal limits have been reported recently 
by Bietti and Stock. 

In the eye there is probably a normal 
equilibrium between blood pressure, tissue 
activity, and intra-ocular tension, This 
raay be destroyed either by increasing the 
intra-ociilar tension, or lowering the tissue 
activity, or the blood pressure. Lowered 
blood pressure has been suggested by Faton 
as an explanation of Symptoms usually 
ascribed to vascular obstruction> Rising 
blood pressure may be required in old age 
to compensate for diminished tissue activ- 
ity; and it is eonceivable, under normal 
intra-ocular tension, that diminished nutri- 
tional activity may resuit in the same Symp- 
toms as are produced in other eyes by in- 
creased tension, Glaucoma is probably not 
so much an increase of tension as a loss of 
balance between intra-ocular tension and 
nutritional activity. 

In contrast with the above are the cases 
marked by sudden elevations of ocular ten- 
sion recurring repeatedly over long periods 



without permanent visual impairment. 
Laqueur's case continiied of this character 
for six years, under the use of miotics> and 
thcn was cured by iridectomy, the eure re- 
maining permanent with normal vision until 
his death after 30 years. Millikin has re- 
ported the case of a patient who in five years 
had **many hundreds'^ of attacks, in which 
vision was impaired, haloes appeared about 
the light, the pupil dilated, the Cornea be- 
carue steamy, and tension rose to plus T. 3 
or plus T. 2. After iridectomy the attacka 
ceased, leaving no pathological cupping of 
the disc, füll vision, and a good field. I have 
Seen cases of this type in women under 
middle age, and of marked nervous in- 
stability. 

A third type which will come to be more 
generally recognized, os the tonometer 
comes to be more widely used^ includes 
cases in which there is little beside the in- 
crease of intra-ocular tension to justify 
their mention in a diacussion on glaucoma. 
A patient, then aged 21. sufFered three 
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years ago from a scotoma almost central; 
and was first seen six months after that 
with a macular choroidal atrophy and ab- 
normal pigmentation. Sie sufFered^ we 
afterwards concluded, from choroidal tu- 
berculosis. A recurrence involving adjoin- 
ing choroid occurred fourteen moaths ago. 
There was at the start pain, slight dilatation 
of the pupil^ and slight general hyperemia 
of the globe, The tension of the eyeball 
rose to 60 mm., that of the fellow eye being 
20 mm, Under miotics the tension feil at 
first but slightly- It was 55 mm- at the end 
of a week; but after two weeks eame down 
to normal, 20 mm, A mpnth later the ten- 
sion rose to 28 mm,, but for a year has con- 
tinued normal; the eye did well under tuber- 
culin treatment, and without any local 
treatment. In September of this year I 
had two cases of iritis in which the intra- 
ocular tension rose to 45 and 52 mm,, re- 
spectively, and gradually returned to nor- 
mal, with the eure cf the iritis under atro- 
pine. In one of these cases, a lady of 70, 
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I used atroplne also in the other eye^ but 
the tension of that eye remaiiied normal, 
22 to 24 mm., throughout, After needling 
the lens in yoiing people I have seen a rise 
of intra-ocular tension to 50 and 60 mm,, 
maintained for many days, with consider- 
able general deep hyperemia, and soreness 
of the globe, followed by gradual return to 
normal tension» and no permanent inipair- 
ment of vision or the visual field- 

One other type may be mentioned. That 
of an elderly paticnt with marked vascular 
disease, often renal involvement, and dis- 
tinctly impaired nutrition. There may be 
renal retinitis or retinal hemorrhages. The 
case may easily become one of hemorrhagic 
glaucoma, It may run a very chronic 
conTSOp But it may hecome snddenly worse, 
or go on to complete blindness with pain, de- 
manding eniicleation, after some temporary 
perturbation, as the Performance of a glau- 
coma Operation. It js pre-eminently the 
kind of a case you would prefer would go 
to some one eise. 



Each of these types illustrate a distind 
cause or group of causes. The Srst type 
brings us near to what may be the essential 
nature of glaucoma, impairment of ocular 
nutrition by the intra-ocular tension, which 
15 gener&Uy elevated, but may not be above 
the usual normaL A special weakness in 
the mitrition of nerve tissue may be as- 
sumed. It would help to explaln the cav- 
ernous atrophy of the optic nerve associated 
with simple glaucoma. The second type 
shows impairment of the regulative mech- 
anism permittiiig rapid rise af the intra- 
ocular pressure. In persons of good nerve 
nutrition and strong recuperative power, it 
may exist for years without doing perma- 
nent damage. But joined to causes of the 
first type, lowered nutritive activity, it 
causes rapid and permanent loss of sight. 
The third group are cases associated with 
glaucoraa only as causes. In eyes with low 
nutritive power, or subject to exacerbations 
of increascd intra-ocular pressure, uveal in- 
flanimations may prcve disastrous. The 



fourth tjrpe shows the results of the com- 
bination of the causes of the other types; 
wjth the elements of acute or slow malig- 
nancy added— ^the impaired circulation and 
lowered oxidation producing some degrce of 
edema of the tissues that insures a fatal 
result, 

This is no complete presentation of my 
subject, but a selection of fae-ts bearlng on 
the etiology, to serve as a foundation for 
the discussion of those practical aspects of 
glaucoma which are to claim your attention 
through the papers and remarks of subse- 
quent Speakers. 
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Dr, Edward Jackson's Paper on 

Etiology and Classification 

of Glaucoma 

DiscueaioD^ 

Francis Lane, M. D. 

Chicago. 

Not one of the theories thus far pro- 
pounded to explain the essential cause of 
increased intra-ociilar tension is satisfac* 
tory, Our present day knowledge appar- 
ently ceases with a more or less incomplete 
understanding of the mere circurastance 
under which increase of tension m general 
depends. 

The question of the source of the normal 
intra-ocular pressure miist first he solved 
bcfore any discussion of a pathological in- 
crease can be engaged in, This question 
primarily hinges on whether the corneo- 
sctera is to be regarded as an unelastic cap- 
sule with a fixed voIume, or as a yielding 



eavelopc with an ever changing capacity, 

This brings us at once to the considera- 
lion of that theory whicli probably bas held 
OUT attention for the longest period of time, 
j. ^„ the Volumetrie theor5\ According to 
it, the normal intra-oculor tension depends 
on the volume of fluids within the eyeball, 
Any Variation in the quantity of the con- 
tenta gives rise to a change in the pressure, 
therefore, the globe has been regarded as 
"an elastic capsule, whose capacity^ form, 
and internal pressure depend on the balance 
fitruck between a constant inflow, or forma- 
tion of aqueous, and a proportionate out- 
flow or resorption,*" (Henderson,) 

Hill has satisfactorily demonstrated that, 
under physiological conditions, the hydro- 
statie pressure within the eye and the skull 
is identical; it rises and falls siraultaneously ; 
itisthesameasthc cerebral venous pressure; 
it is constantly varying, depending directly 
on the general circulation. Upon these 
findings Henderson based bis opinion that 
the physiological properties of the tunica 
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fibrosa and the skull are identical, realizing 
at the some time, that the rigidity of the 
corneo-sclera, because of its fibrous nature, 
is not as firm as the cranium. In accepting 
this belief the inference was that the cubic 
capacity of both coverings is flxed, Apply- 
ing these coaclusions to the eye, it can be 
flaid that the pressure of the fixed intra- 
ocular volume varies with the venous ten- 
sion within the bulb^ whieh in tum is in- 
fluenced by the geoeral circulation. Such 
a conceptjon, while not strictly in accord 
with recognized physiological teachings, 
proves that the normal intra-ocular pressure 
is not a question of volume content, but that 
it is purely a question of pressure of a fixed 
volume within an unyielding capsule, Dr, 
Jackson virtually puts aside the volumetric 
theory with his statement, that "the balance 
of intra-ocular pressure is not maintained 
by the sUght distensibility of the sclero-cor- 
neal eoat." Further discussion on the in- 
adequacy of the volumetric theory need not 
detain us. 
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It is well to K:call a few anatomical 
features because of their bearing on the 
theories herein considered, 

1- The angle of the anterior Chamber is 
a true angle and not an annular sinus- 

2. The meshwork of the ins angle (liga- 
mentum pectinahim), a cellular structure 
at birth, undergocs a progressive and 
physiological fibrosis with early subsequent 
sclerosis, until finaUy it becomes a fibrous 
structure. The individual Strands of this 
meshwork are more than two times as 
large at advanced age as at birth, conse- 
qiiently the alveoli nf the meshwork becomes 
znarkedly reduced in size. 

3. The spongy nature of this meshwork 
affords free access of aqueous to the venous 
Sinus of Schlemm, thence by trlbutaries into 
the supra-choroidal space and anterior 
uveal venous System. 

4. Fuchses ins cripts afford direct access 
of aqueous to the vcins of the iris. 

Furthermore, two simple principles are 
taught by physics: Fluids are incompres- 
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sible and they seek the Iowest hydrostatic 
leveL The application of these perfectiy 
obvious principles to the eyeball makes the 
intra-ocular pressure the same as that with- 
in the elastic venous walls, which is the 
Iowest circulating pressure within the biilb, 

To summarize: The aqueous has direct 
access to the anterior uveal venous system; 
the physiological thickening of the Strands 
of the meshwork of the iris angle supplies 
a mechanical obstniction between the an- 
terior Chamber and the venous sinus of 
Schlenun; intra-ocular pressure Stands at 
the same level as the intra-venoiis, conse- 
quently, the hydrostatic pressure is the same 
on both sides of the iris angle meshwork, be- 
cause the eanal of Schlemm is a secondary 
venous System; lastly, the outflow of aque- 
ous into the venous sInus is by diffusion, not 
by filtration, hecause the pressure is the 
same on both sides of the meshwork. 

These facta and deductions have givcn 
rise to the present day circulalory theory of 
intra-ocular pressure, so we now can ap- 



proach the prcdisposing and esciting fac- 
tors which determine glaucoma. 

The central fact to be borne in mind is, 
if the physiological pressure is vascular in 
origin and natiire, the pathological pressure 
must likewise be derived from the same 
source- 

Sclerosis of the mcshwork of the iris angle 
is the predisposing factor because it hinders 
free aecess of aqueous into the venous sinus 
of Schlemm. Sclerosis alone, however, will 
not cause glaucoma so long as aecess to the 
iris veins can keep the intra-ocular pres- 
sure at the intra-venous level, and, too, as 
long as the exciting cause is absent, 

The exciting cause is vascular, main- 
tained and influenced by the general cir- 
culatory pressure. A rise of the general 
vascular tension alone will not cause glau- 
coma, because any alteration in intra-ocular 
pressure resulting would be purely a tem- 
poraiy change, easily taken care of by the 
extensive aecess of aqueous to the intra- 
ocular venous System. When these two fac- 

as 



tors eoexist in their varying combinations, 
pathologicat increase of pressure results — 
in Short, glaucoma. 

Syphilis, rheiimatism, gout, auto-intoxi- 
cation and tnany other constitutional dis- 
orders are well recognized agencies which 
induce sclerosis in body tissues, so there can 
be little doubt that tbese conditions produce 
pathological sclerosis of the meshwork of 
the ins angle. Psychic distiirbances, con- 
gested portal or renal System, hard mentEÜ 
or muscular work, etc., etc, induce in- 
ereased pressure of the general circiilation, 
and so simultaneously the intra-ocular pres- 
sure, 

According to the edema theory advanced 
by Fischer, glaucoma is "essentially an 
edema of the eyeball, and for its production 
we must hold responaible the same clrcum- 
stances which are respoiisible for a state of 
edema in any other part of the body." The 
magnificent experimental work of this in- 
vestigator has shown that edema is nothnig 
more or less than an increased capacity of 
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thc protein coUoid tissiies for water; that the 
most important factor leading to this in- 
creased hydration capacity is an abnormal 
production or accumnlation of acid content, 
effected by those agencies which are instru- 
mental in cansing sclerosis and an increase 
of blood pressure, 

It seems that both of these theories afford 
an explanation for many of the secondary 
pathological manifestations which charac- 
terize the intra-ocular tissues during a 
glaucomatous onset. 

Fischer criticizes the Henderson theory 
on the ground that increased blood pressure 
alone does not lead to edema — cdema is 
thwarted by high blood pressure. On the 
other hand, if Fischer beheres that sclerosis 
of the meshw^ork of the Iris angle ia a result 
and not a cause of glaucoma, then it would 
aeem that Henderson has the better of the 
argument. The physiological changes in 
this structure, which take place with ad- 
vancing age, can rightfully be looked upon 
as a predisposing factor in glaucoraa. 
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Dr. Jackson has presented all other 
phases of this part of the Symposium in such 
a comprehensive manner that nothing fur- 
ther remains to he said. 



Pathology of Glaucoma 

BY 

John E, Weees, M. D.> 
New York City, 

In reviewing the pathology of glaucoma 
it seems proper to consider the various 
structares and tissues of the eye in logical 
Order. 

Lids and Conjunctivae ''The only change 
observed in these tissues is a reflex edema, 
excited apparently by pressure on the 
ciliary nerves and, probably, irritation of 
the vaso-motor fibers of the sympathetic/' 

LachTymal Gland. Hypcr sccrction duc 
to reflex irritation, 

Cornea. As has been shown by Priestley 
Smitli, the Cornea in glaucomatous eyes is, 
as a rule^ smaller than in non-glaucomatous 
eyes, the mean of a series of measurements 
being 11.1 mm. horizontally and 10,3 mm. 



vertieally in glaucomatous and 11-6 mm. 
horizontally and 11 nun. vertieally in non- 
glaucomatous eyes. In cases of consider- 
ahle increase of tension, partlcularly if the 
onset is sudden, the circidation of lymph in 
the Cornea is interfered with» the anterior 
layers of the Cornea become edeniatous, the 
Spaces between the lajncUae fiiled with al- 
buminous fluid, Some of this fluid finds its 
way through Bowman's membrane, appar- 
ently by way of the minute Channels wbich 
pennit the passage of small nerve twigs, and 
enters the epithelial cell layer. The fluid 
finds its way between the epithelial cells in 
the deeper layers, apparently being taken 
into some of the superficial celis hy imbibi- 
tion. Some of the swollen surface ceUs open 
spontaneously and discharge their Contents, 
others drop off < . The process causes a 
roughening of the surface of the Cornea and 
produces a faint ha^iness. There is anotber 
form of haziness that devclops on sudden 
rise in tension and completely disappears 
^on subsidence of the tension. This is due, 
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as has been shown by V. rieischl ( Silzungs- 
berichle d, Weiner Akad, d, Wissensch, 
1880) and others, to increased tension on 
the fibrillae of the Cornea, a double refrac- 
tion being induced. In cases of long con- 
tinued increase of tension minute permanent 
vesicles form in the epithelial layers, partic- 
ularly in the superficial portion. Anaes- 
thesia of the Cornea develops, due to pres- 
sure on the nerve fibers that are distributed 
to the epithehum, the compression probably 
occurrüig along the course of the long 
ciliary nerves, from which the corneal 
ner\'es are derived, as they pass between 
the choroid and the unyiclding sclera (Col- 
lins & May du). 

In advanced cases of glancoma after the 
congestive period has subsided the comea 
becomes somewhat Condensed, the lymph 
Spaces contraeted; a condition of sclerosis 
obtains. Alteration in the shape of the 
Cornea occurs only rarely in adult life, 
When it does occur it takes place in corneae 
that have suffered from keratitis, The 
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alteration is usually in the form of ectasite 
In infancy and early yonth (buphthaknia) 
the Cornea may become uniformly enlarged 
and globidar. Often, however, the en- 
largement of the Cornea is irregulär. In- 
crease in tension may produce fissures in 
Descemet*s membrane- These occur more 
frequently in the cornae tliat have suffered 
a change in shape, as in bupbthalmos, 
Gaps occur in the elastic membrane which 
become covered by endothelium, Some 
cloudiness may be seen in the corneal 
lamellae adjacent to these fissures, in some 
cases due evidently to the filtration of 
aqueous humor through defective endo- 
thelium, Prolonged high intra-ocular ten- 
sion may be accompanied, particularly in 
cases of secondary glaueoma, by vesicular 
and bullous keratitis. 

In acute glaucoma the sclera appears to 
be edematous and slightly thickened- As 
the dlsease progressea the sclera becomes 
denser than normal. The oblique open- 
ings — passages for the venae vorticosae — 
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are said to be narrowed. The opcnings for 
the passage of the anterior ciliary vessels 
are enlarged in many, particalarly in ad- 
vanced cases. Minute herniae at these 
openings are sometimes present- Dilata* 
tion and tortuosity of the anterior ciliary 
veins are due apparently to excessive flow 
of blood through them on account of the 
abnomially small amount carried off hy 
the venae vorticosae. In the stage of de- 
generation, ectasae of the sclera occur most 
frequently near the equator of the globe. 
Spontaneous ruptm'e may take place. 

jinterior Chamber, The anterior Cham- 
ber is shallow, as a rule, This is almost 
without exception in primary glaucoma in 
adults. In secondary glaucoma in which 
occlusion of Fontana's Spaces occars as a 
result of the deposition of fibrin or other 
inflammatory products the anterior Cham- 
ber may be of normal depth, or deeper than 
normal- Very deep anterior chamber may 
occur in glaucoma, due to retraction of lens 
and iris following fibrinous or plastic exii- 
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dation into the vitreous, or wlien it occurs 
in congenital glaucoma, due to enlargemenl 
of the globe- 

Aqucous HuTnor. The aqueous humor, 
as has been pointed out by Uribe-Troncoso 

(Pathoginie du Glaucorae 1903) contains 
a greatly increased quantity of albuminolds 
and inoTganic salts in glaucoma. In acute 
glaucoma the increase of albuminoids 

(blood Proteids) is greater than in chronic 
glaucoma. The aqueous humor becomes 
slightly turbid in acute attacks, coagulating 
more readily than the normal. The plastic 
principle contained in the aqueous is rarely 
sufficient to cause adhesion between the 
margin of the iris and the lens capsule^ bul 
the colloid nature of the aqueous, accord- 
ing to Troncoso, lessens its diffusibility and 
prevents its free passage into the ij^mph 
Channels. The increase in albuminoids is a 
consequence of congestion and venous stasis 
and does not precede the attack, 

Filtration Angle. The changes that oc- 
cur in the filtration angle before it is en- 
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croftched upon by iris tissue are scierosis of 
the ligamentum pectinatum in adults to 
which Henderson (Trans, Ophth. Soc- U- 
K< Voh xxviii) has called our attention; 
the aocorapanying scierosis of the other 
tissues to the inner side of Schlemm's canal; 
and, in some cases, the deposition of pig- 
mented cells derived from the iris and 
ciliary processes (Levinsohn) which seire 
to obstruct the lymph Spaces, In many 
of the cases of acute glaucoma and almost 
all of the cases of chronic glaucoma of 
long Standing the filtration angle becomes 
blocked by the advance of the root of the 
iris, 

Iris, In acute glaucoma the iris is con- 
gested and thickened. It is pushed for- 
ward and may lie against the Cornea at its 
periphery, When the attack subsides» the 
iris falls away from the cornea. Aside 
from the congestion, the primary changes 
that tflke place in the iris are indicative of 
paresis of the fibers of the motor oculi that 
supply the sphincter pupillae^ and stimula- 
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tion of the fibers from the sympathetic pro- 
ducing vasomotor spasm. The long diam- 
eter of the pupil apparently lies in the 
direction of the terminal vessels of the two 
principal branches of each long ciliary 
artery which form the circulus iridis major, 
where the vasomotor spasm would have the 
greatest effect in lessenmg the blood sup- 
ply- The haziness of the Cornea and slight 
turhidity of the aqueous contribute greatly 
to the apparent change in the color of the 
iris. In cases of simple chronic glaucoma 
there is but little evidence of edema of the 
iris. If the iris lies in eontact with the 
sclera and cornea for some time, it becomes 
adherent ( peripheral anterior synechia). As 
the disease progresses, the atroma of the 
iris atrophies and contracts, There is very 
little evidence of small-cell infiltration or 
the formation of cicatrical tissue. Nmner- 
ous sKts may develop in the iris through 
which the fundus of the eye may be seen 
(polyeoria), The pigment layer does not 
atrophy in proportion to the stroma of the 



iris; by the contraction of the stroma of 
the pigment layer is doubled upon itself at 
the pupillary margin^ forming a black ring 
of greater or less width (ectropian uveae}. 
The iris becomes attached to the pectinate 
ligament and to the endothelium of Des- 
cemet's membrane» In a very few cases 
the closure of the angle is not complete at 
the apex^ a small space remaining com- 
paratively free for a long time, The ad- 
hesion of the iris to the pectinaform hga- 
ment and coruea is not uniform at all parts 
of the periphery ; it varies in width. Por- 
tions of the iris angle may remain open 
while other parts are closed. Where the 
iris tissue lies In contact with the eornea, 
the stroma of the iris almost totally disap- 
pears. In some cases the iris becomes to- 
tally adherent to the Cornea. 

Ciliar y Body and Ckorioid, In acute 
glaucoma there is congestion of the entire 
uveal tract, the congestion partaking more 
of a renous stasis than of an active or 
arterial congestion, The vessels of the 
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ciliary process, which are larger and more 
tortuoua in adults of advanced years than 
in the young, become enomiously dis- 
tended, causing almost complete oblitera- 
tlon of the perilental space. They press 
against the root of the iris and the equator 
of the lens, forcing thera forward- There 
is edema of the uveal tract, apparently 
from transudation of serum. Many small, 
and sometimes rather large hemorrhages 
may occur. There is but little small cell 
Infiltration, indicating almost total ahsence 
of what is ordinarily recognized as true 
inflammation- It is probable that the se- 
cretion from the glandulär zone of the 
ciliary body is increased. 

On subsidence of the congestion, as after 
miotics or iridectomy, the tissues may re- 
turn to very nearly a normal condition, 
The iris recedes from contact with the 
ligamentum pectinatiim and cornea and the 
filtration angle is again open. In some 
cases the iris becomes adherent to the 
head of the ciliary processes and, when 




atrophy of the ciliary body occiirs, is drawn 
backward at the base of the iris by the 
receding tissues. If the hypertension per- 
sists or is repeated at varying periods, a 
slow atrophy of the uveal tract sets in. 
Eventually the ciliary body becomes very 
much rcduced in thickness, is flattcned out, 
the ciliary processes reduced in size and 
the blood vessels disappear or are reduced 
much in caliber. Those that persist possess 
waUs that are much thickened. This is 
particularly true of hemorrhagic glaucoma. 
In advanced absolute glaucoma the 
chorioid may become reduced to a very 
thin membrane consisting of connective 
tissue and pigniented celJs, scarcely dis- 
tinguishable even hy moderate powers of 
the microscope, Atrophy is marked in the 
vicinity of the venae vorticosae, Czermak 

and Birnbacher describe proliferation of 
the endothelium of the large veins with 
contraction and obliteration of their lumen. 
^ Opiic Nerve and Retina. In the acute 
forni'"the retina and optic nerve present 



the same condition that is present in the 
vascular tunie; namely, that of venous 
stasis with the conseqiient edema- Fre- 
quently minute hcmorrhages occur in the 
retma, particularly in violent acute at- 
tacks, Cupping of the discs slowly de- 
velops, causing more or less stretching of 
the nerve flbers over the edge of the cup, 
The gradual diminution of the field of 
Vision is due in greater part to death of 
peripherai nervous elements of the retina, 
those parts of the field farthest removed 
from the large arterial tninks suflfering 
firat. The arrangement of the arteries at 
the disc, passing out as they do from the 
nasal side, of necessity make the vessels 
that pass to the temporal part of the retina 
longest and of less caliber, These vessels 
and their terminals are fixst to suffer 
marked diminution in size; death of the 
perceptive elements supplled with nutri- 
tion by these vessels foUows. For this 
reason the nasal part of the field of vision 
is more often the first to disappear. In 
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congestive (inflammatory) glaucoma, ihe 
typical field of vision shows most marked 
contraction on the nasal side, The dis- 
turbance of the nutrition of the retina ac- 
counts in greater part for the various 
forms of Visual field met with. 

Death of all of the perceptive elements 
of the retina eventually occurs. The loss 
of nutrition is apparently not the whole 
cause of blindness, Atrophy of the nerve 
fibers folloivs death of retinal neurons, but 
atrophy of some of the nerve fibers may 
be, and probably is, due tc the pressure 
and traction exerted upon them at the 
margin of the disc- It is probable that 
too much importance has been given to 
this mode of interference with the nerve 
fibers» However^ the change in the posi- 
tion of the lamina cnbrosa must exert a 
deieterious efiFect, particularly on those 
fibers which pass through the peripheral 
zneshcs, the shape of which must neces- 
sarily he much distorted. In glaucoma 
Simplex, which is largely devoid of marked 
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congestive periods (acute attacks), a sur- 
prisingly high degree of acuity of vision 
may exist with a deep excavation and pale 
nerve. Careful studies of the retinal ves- 
sels in glaiicoraa ( Verhoeff Arch. of 
Ophth. XLII, p. 145; Opin, Soc. Fran- 
caise d' Ophth. 1908) disclose the fact 
that an increase in the elastie tissue and 
connective tissue Clements occurs in some 
CQses, also proliferation of the endothelial 
cells, which serve to irregularly narrow 
and, in some instances, obliterate the lumen 
of the vesseh Arteries and veiiis are both 
affected. Hyaline degeneration of the 
media also occurs- The process is not 
uniform - 
^'^ Glaucomatous Cup, The excavation of 
the disc progresses slowly and is due in 
part to stretching the fibers of the lamina 
crihrosa pressing this ätructure outward, 
and partly to atrophy and disappearance 
of the ner\'e tissue and much of the vas- 
cular tissues in the nerve head< The dls- 
placement backward of the lamina cribrosa 
■ • _•• • •. --- . * so ■ 




may cause that structure to lie behind the 
outer surface of the sclera. Atrophy and 
cystic degeneration of the nerve trunk fol- 
lows dcstruction of retinal neurons and 
cupping of the disc. Neuroglia remains 
in part, Connective tissue elements in- 
erease in the optie nerve as the nerve fibers 
disappear, 

Glaucomatous Ring. The development 
of the pale eirele which surroimds the 
disc, particularly in glaucomatous eyes, 
is due to a veiy slight recession of the 
pigment layer of the retina and of the 
margin of the chorioid at this point with 
sonie atrophy, apparently consequent on 
the beginning retraction of tbe lamina 
cribrosa and slightly Increased pressure of 
the nerve fiber layer on the underlying 
tis3ues at the margin of the disc, This 
pennits the sclera to show through a very 
little at this part. In aonie eyes in which 
there is a beginning sclera-choriolditis pos- 
terior, the condition is very similar to that 
presented by the glaucomatous ring. 
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^^ Field of Vmon', The two pathological 
processes that operate to destroy the func- 
tion of the retina suffice to prodiice scoto- 
znata in the field of vision of varying 
sbapes, The typical glaucomatous üeld in 
the acute cases shows a defect raost pro- 
nounced to the nasal side. As has been 
shown by B j eraum, the blind spot cor- 
responding with the optic disc is enlarged 
in glaucoma, a relative seotoma often con- 
necting it with the bhnd nasal portion of 
the field either above or below the hori- 
zontal meridian (Straub). The field in a 
simple glaucoma is apt to approach ooncen- 
tric limitatlon; namelj, more like the field 
in simple atrophy, This is consistent with 
the fact that simple glaucoma in many 
cases poasesses the characteristics of glau- 
coma plus atrophy of the optic nerve- '^'^ 
Vitreous. During the acute attack, the 
vitreous may beeome slightly turbid by 
transudation of serum from the vessel of 
the ciliary body and the chorioid and may 
beeome filled with fibrin. In some chronic 




cases in which absolute glaucoma is reached 
the development of small blood vessels in 
convoluted loops springing from the ves- 
sels of the discs has been observed. Any 
process that increases the voiume of the 
Contents of the vitreous chamber, as 
hemorrhage, neoplasm, profuse serous or 
plastic exudation» may by pushing iris and 
lens forward produce an attack of acute 
glaucoma. 

^ Buphthalmos. Reis (Greafe's Arch. f, 
Ophth. V. LX- 1905) States that there 
is always obliteratinn of the anterior scleral 
renous Channels ( Schlemm's canal) in 
buphthalmos- Seefelder (Graefe's Arch, 
V, LXIII, 1906) raentions the abnormal 
Position and abnormal narrowing of 
Schlemm's canal and the imperfect and 
imuflScient differentiation of the corneo- 
scleral junction. In all of the cases in 
which the eye has been examined micro- 
scopically obliteration of Schlemm'a canal 
hos been reported. This is thought to 
be a defect in development- Magitot 
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(Ann. d'Ocuüs CXLVII) suggests that 
injury to mesoderm which pushes itself 
between the ectoderm and anterior surface 
of the lens would account for the failure in 
development of Schlemm's canaL ^ The 
changes that occiir In the tissues of the eye 
appear to be largely due to the stretching 
consequent on the more or less uniform 
distentions of the glohe as a result of hyper- 
tension, 

Cornea. This portion of the fibrous 
membrane is enlarged, globous or flat- 
tened, irregularly thinued, partieularly at 
the periphery, where it may be as thin as 
üssue paper, nebulous because of the 
stretching of its fibers prineipally, but in 
some degree (differing in different cases) 
to edema of the epithelial layer. Fissures 
Dccur in Descemets membrane. 

Anterior Chamber, This ia Tery decp 
in tlie greater number of cases. However, 
this nile has many exceptions. 

The vascular tunic may be congested 
in young infants, but atrophy soon de- 




velops aud may reach an extreme degree- 
The sclera ordinarily becomes quite thin 
throiighont, but may retain almost a nor- 
mal thickncss at the cquator o£ the globe 
and posteriorly. Posterior scleral ectasae 
may develop, The iris, as a rule, hangs 
free from the cornea, often tremulous be- 
cause of retraction of the lens beyoud the 
iris plane. In some cases the iris is partly 
or totally adherent to the posterior sui- 
face of the comea. 

The vascnlar membrane ( iris, ciliary 
body and chorioid) and the retina become 
atropbic, the atrophy varying in degree in 
various parts, Detachment of the retina 
may occur, often preceded by or accom- 
panied by subretinal hemorrhage- The 
optic disc becomes deeply cupped and the 
tissues of the optic disc and optic nerve 
extremely atrophied. The crystalline lens 
may become cataractous and shrunken- 
Spontaneous rupture of the suspensory 
iigament with consequent snbluxation of 
the lens may follow. 
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Secondary Glaucoma. The pathological 
conditions that precede secondary glau- 
coma are many and differ widely. They 
may be briefly classified as: 

1. Those that cause a partial or com- 
plete closure of the lymph Spaces and 
Schlemm's canal by cicatrical contraction, 
as in sciero-keratitis. 

a, Those that cause ohstruction to the 
lymph Spaces at the filtration angle by the 
deposition of fibrin or eellular elements, 
as in Iritis, hemorrhage iiito the anterior 
Chamber, etc. 

3. Those that cause ohstruction of the 
filtration angle by advancement of the iris 
and lens, as occurs when the rolume of the 
Contents of the \'itreoiis chamber is in- 
creased, as from retinal or chorioidal 
hemorrhage or neoplasm. 

The various changes are so numerous 
that they need not be descrihed further 
here* The ultimate changes due to high 
tension resemble those already descrihed. 
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Dr, John E. Weeks' Paper on 
Pathoiogy of Glaucoma 

Discoasion, 

E. V, L, Beown, M- D.y 

Chicago, 

I would like to emphasize one of the newer 
features of the pathologic anatomy of glaii- 
coma, one which has received too little 
attention in this country; the lacunar or 
cavcrnous atrophy of the optic nerve. 

The name acciirately describes the con- 
dition. Tiny clear Spaces form in the 
lamina cribrosa and in front and behind 
it in the nerve tissue, Their exact natnre 
is unknown. Usually they are entirely 
empty, often they are traversed by fine 
glial fibers, They seem to be in no rela- 
tion to the blood vessels. Adjoining 
lacunae are supposed to fuse to form 
larger cavernae and these finally merge 
and constitute the final glaucoma cup- 
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The lamina may then bridge across the 
Space like a cord, or lie back against the 
end of the nerve tnink. 

Schnahel considered all glaucoma cups 
to be formed in this way, independent of 
tension, His views were strongly sup- 
ported by Elschnig, but as vigorously op- 
posed by others. Axenfeld cites the fact 
that the glaucoma cup may disappear 
after Operation. (I myself have Seen a 
cup of 7 D, reduced to 1 D- in the course 
of a year after tbe tension had been 
lowered from 62 to 12.) Stock found the 
same lacunae in eight cases of myopia. 
The last cxtendcd study of the subject 
was made by E. v, Hippel, who found 
lacunae in 20 of 33 cases (60 per Cent); 
cnough certaiiily to make one look for 
them carefully in every case. He pub- 
lishes a large niimber of excellent photo- 
micrographs, but none raore typical than 
onc I have in my posscssion. 

I have been especially interested in thia 
subject because I have met with a com- 



plete and total glaucoma cup, with the 
typica] (ampulliform) undermining of the 
scleral ring, in a pair of eyes without 
increased tension. The (Schiotz) to- 
nometer was used daiJy for 70 consecutive 
days and never registered more than 12-14 
mm. Hg. The man had been blinded by 
Wood alcohol. At the time I coidd find 
no othcr report in the literature, but over- 
looked a publication by Lewin and Guil- 
lery, Friedenberg has since reported cases 
of the Same nature. 

If other conditions than increased ten- 
sion can produce a typical (ampulhform) 
glaucomatous excavation of the disc> why 
may not the cavernous atrophy and cup in 
glaucoma be due in part at least to 
similar processes, possibly in the nature 
of a toxic oedema of the nerve, either in 
assodation witli tension or independent of 
it, as contended for by Schnabel? 
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Concerning Non-Surgical 

Measures for the Reduction 

of Increased Intraocular 

Tension 

BY 

George Edmund de Schtsxinitz, M. D., 
Philadelphia. 

Only a few years ago the literature of 
glaucüiua was big with discussions of the 
comparative value of the surgical and 
non-sijrgical treatment of glaiieoma, and 
cspecially of the chronic typcs of this dis- 
ease. Now» thanjcs to the achievements of 
Lagrange, Fergus, Herbert and Elliot, the 
value of a filtering cicatrix, although known 
for a long time, has attained increased im- 
portance, due to the improvement and elab- 
oration of operative technic, and the medical 
Journals of the day are weighted with opia- 



ions and experiences from all over Ihe world 
as to thcse surgical measures. But true as 
this is, we are not yet in s position to discard 
non-surgical procedures ( 1 ) because Opera- 
tion is not always possible, (2) because 
Operation is not always permiUed, and 
(8) because in certain circumstances opera- 
tion is not advisable- Henee a glance at 
thc non-surgical metbods of reducing in- 
creased inlra-ocular tension is not out of 
place, and for conTenience tbey may be 
catalogued as folJows: 

1. Myosis produced by means of Solu- 
tions of various drugs, a myosis followed 
by reduetion of intra-ocular tension. 

2, Reduetion of tension by mcans of 
various meclianical measures, notably mas- 
sage, Vibration massage and suction mas- 
sage, and by means of electrieity and 
diathermy. 

8. Indirect reduetion of intra-ocular 
tension, accomplished by lowering general 
vascular pressure, 

4. Reduetion of ocuiar tension by 
w 
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Stimulation of asmosls, of lyniphagog activ- 
ity, of absorption of edema, and of 
capillary contractility, and by decreasing 
affinity of ocular coUoids for water. 

1. The Myotics. Of these, eserin 
(physostigmin) and pilocarpin, with their 
respective salts, the sulphate and the 
salicylate in the first instance, and the 
hydrochlorid and the nitrate in the second, 
are well established in favor and effi- 
cicncy. Pcrsonally, it has always seemed 
to me that the salicylate of eserin is pref- 
erable to the sulphate, but I have not per- 
suaded niyself that the nitrate of Pilo- 
carpin possesses material advantages over 
the hydrochlorid, although some authors 
prefer it, With arecalin, the alkaloid of 
the Betel nut, I have no expericncc, nor 
have I used its mixture with eserin, recom- 
mendcd by Merck as more potent than 
either of the drugs in separate Solution. 

The substance Isophysostigmin, found 
with eserin in Calabar bean, according to 
Ogiu, exceeds in its myotic activity the 
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sulphate of escrin, a, e,j 1/80 of a grain 
of the drug is equal to 1/60 of a grain 
of the sulphate of eserin, but it is cer- 
tainly not less irritating than physostig- 
min, and according to Stephenson*s re- 
searches, is more so, and in this sense has 
no superiority over the usual alkaloid. In 
general terms, it may be said tliat the time 
has not arrived to make a preachment "on 
the passing of eserin and pilocarpin/' 

Physiologie Action, Concerning the 
ocular, Physiologie action of the two chief 
alkaloids respeetively of Calabar Bean and 
of Jaborandi, there still exists difference 
of opinion. It has always been easy to 
attribute the myotic action of these drugs, 
or at least, of eserin, to their stimulant 
action on the peripheral ends of the oculo- 
niotor, thus causing sphincter contraction, 
and to a depressing action on the sym* 
pathetic fibers, thus causing removal of 
the action of the diiatator of tlie iris. But 
eomplete experimental proof of such action 
IS wanting, and it is probable that myosis 
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foUows a direct Stimulation of the sphinc- 
ter muscle fibers, aided, perhaps^ by con- 
traction of the iris vessels, although the 
last named efFect is denied by so competent 
an authority as Hobart Hare. 

Exactly how the myotics reduce intra- 
ocular tension is not definitely proven. 
Usually it is taught that because of the 
myosis the base of the iris wedged in the 
angle of the anterior Chamber is loosened 
and withdrawn, precisely as a fold in a 
coat is straighlened by a tug on the fabric 
beneath it, Experiments, however, for 
example> by E, E. Hender.son, have shown 
that the rate of filtration in an eye with 
artificially raised pressure is considerably 
larger when it is under the influence of 
eserin than it is w^hen under the influence 
of atropin ; that is by the contraction 
of the pupil the iris-surfaee filtration is 
mcreased and consequently the pressure 
IS reduce d, W^e all know that Thomas 
Henderson maintains that tlje results of 
iridectomy are beneficial because the raw 
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cdges of the coloboma, which do not 
cicatrize, permit access of the aqueous 
to the iris veins, and that myotics, inas- 
miich as they contract the pupil, open the 
iris crypts and therefore act, less effi- 
ciently, perbaps, but act none the less like 
an iridectomy- The normal intra-ocular 
pressure is uninfluenced by myotics bccauae 
this pressure represents the lowest cir- 
culatory pressure in the eye, and further 
contact between aqueous and veins cannot 
reduce it below this level, aoother point 
which is made by Thomas Henderson in 
Support of bis Contention- 

The chnical fact remains that either by 
mechanical means, as it were, in the Ubera- 
tion of a plugged filtering angle, or by 
the inereasing of iris-surface filtration, the 
myotics marke dly reduce the abnormal 
intra-ocular pressure. 

Metkods of Administration and Indica- 
tions, With the methods of administra- 
tion of the myotics we are all so famihar 
that time need not be wasted in their 




reiteration, except to refer to a few prac- 
lical points. In acute glaucoma, and every 
one knowa that in this disease their action 
is often prompt and sometimes curative, 
eserin in a strength of one to four grains to 
the ounce may be instilled with sufficient fre- 
quency to establish myosis, and its action 
in this respect is enhanced if the conges- 
tion of the eye is lowered by measures 
to which I shall refer later. There is a 
good deal of cliiiical evidence to mdicate 
that in this type of glaucoma, as well as 
in the so-calied subacute varieties, myotic 
activity is incrcascd by a mixture of pllo- 
carpin and eserin in the same Solution, 
exactly as a mdxture of arecalin and eserin 
IS more potent than either of the drugs in 
separate Solution. 

Prior to the happy advent of techmcally 
correctly placed filtering cicatrices, a large 
number of surgeons depcnded almost ex- 
clusively on the use of myotics in so-called 
simple, chronic er non-inflammatory glau- 
coma. This is not the place to introduce a 
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dicussion of the comparative value of 
iridectomy and myotic treatment in simple 
glaucoma as based upon Statistical reeords. 
We must wait now for a sufficient period 
of time and then compare the value of 
myotic treatment witfa that of Operations 
by means of which satisfactory ältration 
is produced. We are somewhat in the 
Position that general surgeons occupied 
when aseptic methods first became preva- 
lent. We do not usually compare the 
statistics of early aseptic days with those 
of the pre-antiseptic period, and I do not 
thint we ought to compare the statistics 
of myotic treatment with ordinary iridec- 
tomy any longer, but that we should wait 
until we can make a eomparison between 
the results of prolonged myosis and those 
of an improved modern technic which es- 
tablishes a permanent filtration- In the 
meantime the patients who will not or can- 
not suhmit to Operation must be reckoned 
with. Donbtless many patients with 
chronic glaucoma can be satisfactorily 
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managed with myotic treatment, although 
personally I have always advocated Opera- 
tion when this could be performed, but 
it cannot always be performed. This rule 
should guide us, namely, to begin with a 
oomparatively weak Solution of tbe selected 
drug, for example, as Posey has advocated 
a tenth of a grain of salicyiate of eserin to 
the ounce, and the strengih gradually in- 
creased so that at the end of some months 
the patient is using a Solution 1 grain to 
the ounce; or if the Pilocarpin is preferred, 
Solutions in double these strengths, It is 
my own belief, and that of many who have 
studied this subject, that if, without eserin 
irritation, a myosis ean be maintained, and 
if the trcatmcnt can be begun early 
enough, the chances of preserving vision 
and the field of vision are good. I beheve 
that the two most iraportant instillatlons 
during the twenty-four hours of the num- 
ber necessary to maintain this myosis are 
on retiring and if possible in the very early 
moming, some time between two and four 
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o'cbck- Most patients can be taiight to 
wake themselves at the proper period of 
time, and are little inconvenienced by this 
disturbante of tbeir sieep- I believe that 
eserin Irritation is most successfully 
avoided, not by preparations of tbe myotics 
in Combi nation with the antiseptics, for 
example, tricresol, which has been so much 
advocated, but by ordering very sniall 
quantities of the Solution, insisting that it 
shall be frequently renewed and sterilized 
at each preparation, and that a half an 
hour after its instillation, during the day 
time at least, the eye shall be thorougUy 
flushed with some mild antiseptic Solution, 
for example, boric acid and sodiiim chlorid. 
Whether the action of the eserin on the 
choroidal circulation, which is maintained 
by Wahlfours, aids in this favorable action 
of the myotics remains to be proved, It 
has been maintained bv this autbor and 
by others who have followed bim. 

The great trouble with myotic treat- 
ment is not its lack of effieieney, biit the 

70 



difficulty of carrying it out successfully 
on ambulant patients, even in the better 
walks of life. It is hard successfully to 
maintain in a patieiit with chronic glau- 
coDja what I may call an eserin life, just 
as it is hard to maintain in a person with 
an enlarged prostate a catlierter life and 
escape infcction, rcsulting, if it occurs, in 
the one instance in a difflcult and stubborn 
Conjunctivitis, and in the other in a cystitis. 
Still, we are obliged to use myotics, and 
the way to employ them to the patients* 
best advantage, I have ventured to repeat 
in spite of the universal familiarity with 
the methods. Perhaps we niay reach that 
happy day when, especially with improved 
tonometric methods, increased skill in 
measuring the rate of filtration and better 
Instruments for determiiiing the llght 
Sense, we can anticipate the advent of 
glaucoma and get ahead of the ocular 
and Visual deterioration which increased 
tension produces, by performing pre- 
ventive Operations wliich shall aid nature's 
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filtration cliannels in the establishment of 
an artificial one, But increased tension is 
not the whole story of glaucoma, and a 
filtering cicatrix is not the last word in 
surgical therapeutics, and there is much to 
learn. 

2, Reduction of tension hy means of 
Variöua mechanical measures, notahly mos- 
9age, and hy meann of electriciiy and 
diaihermy. Massage is of ancient lineage. 
In general terms, in so far as ocular mas- 
sage is concerned, it may be applied to Ihe 
eye with the finger tips (ordinary mas- 
sage), by means of various instruments 
(vibration massage), and with the help of 
certain suction cups ( saction massage, 
which is indeed a form of vibratory mas- 
sage) . Many authors are satisfied with 
their results without the employment of 
any instnunent, and prefer simple mas- 
sage with the tip of the finger to any form 
of the instrumental rariety, to quote the 
words of Casey Wood, At one time in 
my eareer I experimented very extensive- 
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ly witJi massa^, not alonc for the purpose 
of reduciug intra-ocular tension, but in 
various diseases of the lid and Cornea, and 
taught a traincd nurse, who herseif had a 
nebulous Cornea, to make what I may 
call a specialty of this particular thera- 
peutic procedure, She became exceedingly 
skillful and was quite faitlifiil. We be- 
Beved that the best results were obtained 
in a seance of two or three minutes, the 
finger tip being used over the lid, and the 
surface of the cornea lubricated with a 
drop of pure olive oil, although in glau- 
coma the addition of the oil is not neces- 
sary. Four movementy were utUized, the 
first a stroking movement in lines radiat- 
ing from the central pressure, very much 
as the spokes of a wheel radiatc from the 
hub, second a circular movement, third 
a pressure movement, a little dipping mo- 
lion, so that the cornea was slightly de- 
pressed, and finaUy, a gentle tapping 
movement, precisely the same, escept that 
it was a diminutive one, as the tapping 
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movement that the Swedish masseur 
makes. Usually each movement occiipied 
from a half to one minute, according to 
the rcsults dcsired. I agrce with Casey 
Wood that such a technic furnishes just 
as good results as any one with the aid of 
Bxi instnunent. 

Referring particularly to the reduction 
of intra-ocular tension^ many surgeons 
have been impressed with the value of 
various instrumentsp Thus, Ohm, who has 
worked particularly in the reduction of the 
increased tension of secondary glaucoma, 
for example, after discussion of lamellar 
cataract, advueates the Piesbergen Instru- 
ment, which makes 3,000 vibrations a min- 
ute, and is applied over the closed lids. 
I think the instrumcnt best known is the 
one introduced by Malakow. For this 
purpose the point of an Edison electric 
pen is armed with a small ivory ball, and 
the Vibration rate vaxiea from 200 to 
several thousand a minute, the rapidly re- 
volving ball being passed over the closed 
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lids, in some instances directly upon tlie 
Cornea itself. I am frankly afraid of these 
vibrating machines, and again make a plea 
for the finger tip, just as I am afraid of a 
Von Hippel trephinc, and prefer one which 
is rotated vnth the fingers. 

A special investigation of pressure mas- 
sage according to the method of Domec 
has been made by Paul Knapp of Basel. 
This, as you know, consists in applying 
the thiimb to the cornea through the elosed 
lids, and making repeated pressures upon 
it at the rate or 60 to 100 a minute. He 
checked hia resuJts witb the tonometer 
after 200, 50O and 1,000 pressures, and 
found that even in normal eyeballs such 
massage was foUowed by a fall of intra- 
ocular tensioii^ the average being nearly 
9 mm. after a thousaiid pressures. With- 
in three-quarters of an hour the tension 
returm to the normal. In acute glau- 
coma such massage is not available, but it 
is of assistance in encouraging a reduction 
of the intra-ocular tension and keeping it 
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at a normal grade after operative work, 
particularly after a filteriiig cicatrix has 
been made^ as was well shown by Wecka 
in his study of glaucomatous eyes operated 
upon by the Lagrange method. It is in- 
teresting to remember tliat Paul Knapp, 
in the course of this iiivestigation, observed 
reduction of the tension after the use of 
holocain. 

Another method of reducing the intra- 
ocular tension is by the suction method, 
which consists in the use of certain cups 
from which the air is exhausted by means 
of a suction apparatus, Domec uses an 
elliptical eye cup, the concave margins of 
which fit closely about the globe, The air is 
exhausted with cach respiration of the pa- 
tient and from 50 to 200 tractions are made 
at each sitting. Domec is of the opinion 
that this method succeeds in two waya, 
namely, in producing analgesia by traction 
on the ciliary aerves, and in reducing intra- 
ocular tension. 

Unfortunately, it is difficult for regulär 
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physicians to make reference to tnassage 
of the eyeball lest their words sbould be 
misquoted by irregulär practitioners who 
employ this niethod, selling various instru- 
ments to trusting patientSr and attributing 
to this simple and often beneficial pro- 
cedure all sorts of marvelous influences, 
Doubtless all of us have seen eyes utterly 
ruined because the patient has trusted to 
the advertisements of these people, and 
has continiied to use some foolish little 
suction pump, when what bis eye nceded 
was operative procedure or skilled thera- 
peutics. 

If I should sum up my opinion of mas- 
sige in the reduction of intra-ocular ten- 
sion, I wouid say that it is useful in enhanc- 
ing tbe action of myotics, and particularly 
useful, as Domec, Knapp, Ohm, Weeks 
and many others have shown, after the 
filtering angle has been opened by a proper 
operative procedure. It seems to me that 
it is distinctly our duty to inform patients 
that it is no panacea, and that they must 
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ncver trust themselves in the hands of ir- 
regulär practitioners who pretend to eure 
all ocular ills with massage. 

Electricity, The credit of first using 
high frequency currents in the treatment 
of glaucoma belongs to Truc, Imbert and 
Marques, and Ronre*s experimenta ind!cate 
that this current suitably applied appears 
to have an influence not oniy in reducing 
the arterial tension, bat also the ocular 
tension. Thus, in an interesting series of 
experiments he has been able to reduce 
an arterial pressure of 200 mm. to 140 
mm., and an ocular tension of plus 2 to 
the normal after eighteen applications of 
the high frequency current, The current 
is applied for ten to fifteen minutes at a 
time twice a week. Some surgeons, for 
example, Würdemann, have suggested the 
use of electricity corabined with massage, 
and have apparently achieved satisfactory 
results. 

The constant current has also been mueh 
employed for the purpose of redueing 
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intra-ociilar tension. Coleman quotes Lc 
Prince's observations, who applies the 
negative pole to the eye and the positive 
pole to the neck, gradually passing a cur- 
rent of 30 to 40 ma. diiring a quarter of 
an houx, and who reports notable diminu- 
tion of tension. Coleman points out that 
in bis own experience he has not found any 
patient who would willingly tolerate more 
than 19 ma. of current with an ordinary 
stzed electrode, although he grants that it 
is possible that Le Prince used a very large 
electrode. Unfortunately he does not men- 
tion its size- Ziegler of my own citj% who 
has stiidied most scientifitrally aud intelli- 
gently the use of electricity in diseases of 
the eye, announces this rule: The positive 
pole should be uscd in all inflammatory 
processes of the eye, glaucoma excepted, 
and with this rule Coleman agrees- Now, 
although the negative pole is a stimulant 
and therefore not generally Indicated in 
ioflanmiation, as Coleman points out, the 
object in view is to diminish the density 
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of the ocular capsule and its tension, hcnce 
the negative rather than the positive pole 
should be used, inasmuch as the former, 
according to him, while it is a sedative, 
hardens tissue and would tend to increase 
intra-ocular tension by diminishing excre- 
tion. Moreover, in chronic glaucoma the 
ordinary inflamm atory processes are not 
present, indeed, primary acute glaucoma 
itself is not an inflammation. 

I have no personal experience in the use 
of the constant current with negative pole 
application to the eye in the reduction of 
increased intra-ocnlar tension, but quote 
for cur general benefit the opinions of 
those who have employed it. I have al- 
ways heen very frankly pessimistic in re- 
gard to the therapeutic value of electricity 
in ocular disorders. Perhaps I am wrong; 
I am willing to be enlightened, There 
seems little doubt that Truc and Imbert*s 
observations that high frequency currents 
can temporarily reduce intra-ocular ten- 
sion is correct. that they are able to relieve 
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thc pain of primary and of secondarj 
glaucoma would seem to be proved by 
many observationsj some of which I have 
myself made, and other very aecurate and 
excellent ones have been made by Risley 
in Philadelphia. 

A Word might be said in regard to 
diatkcrmy. According to Zahn, the meth- 
od of applying diathermy to ,the human 
eye is to take a layer of cotton wooi 1 em- 
thick soaked in a 2 per cent Solution of 
sodimu chlorid, which is applied close to 
the outside of the lids. On this is put an 
electrode 15 cm. in size with a large in- 
different electrode applied to thc back of 
the neck. It is not germane to the sub- 
ject to name the various oeular diseases 
which were treated in this manner, but 
Clausuizer has made an investigation of the 
influence of diathermy on intra-ocular ten- 
sion. In a number of diseases, for ex- 
ample, irldocychtis, the method produced 
distinct rise of pressm'e. In one» a patient 
with secondary glaucoma, prior to the 
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diathcrmic application the tension was 
3714 mm,, after the passage of the cur- 
rent it had fallen to 28 mm-, but the next 
morning the tension rose to 45 mm. In 
a patient with chronic glaucoraa no definite 
alteration of tension could be found. 
Tbis Observation is raentioned, not because 
it puts US in possession of a valuable 
therapeutic measure, but largely because 
it is a good example of how in this dis- 
ease it is wise to investigate any method 
which furnishes a hope of relief. 

In a few instances endeavor has been 
made to rediice the intra-ocidar tension, 
or at least to relievc glaucomatous Symp- 
toms, by galvanism of the cervical sympa- 
thetic, for example, by placing one elec- 
trode along the whole length of this 
nerve in the neck and one on the back 
of the neck on the opposite side, 15 to 
20 ma, of current being used. Cood re- 
sults bave been reporled by an ohserver 
named Allard. I confess that I am en- 
tirely faithless in regard to any results 




that may be reached in this manner. It ia 
possible that as the positive pole is a 
sedative, if there were any influence, the 
influencc of scdation would be present, but 
eertainJy it has over and over again been 
experimentally proved that irritation of the 
cervical sympathetlc quite rapidly pro- 
duces elevation of intra-ocular tension of 
2 to 4 nun. In some experimental work 
the primary elevation of intra-ocular ten- 
sion was followed by a sccondary drop< 
8. Indirect reduction of increased intra- 
ocular tension brought ahont by lowering 
getierol vascular pressure. Much has been 
written in regard to the association be- 
tween increased vascular pressure and in- 
creased intra-ocular pressure, It is not 
my province to analyze obser\'ation3 often 
contradictory and not infrequently inac- 
curate, This much seems to be estabhshed: 
First, that at corresponding ages there is 
uaually a higher average Wood pressure 
in glaucomatous subjects than there is in 
non-glaucomatous subjects ; second, that 



arteriosclerosis and therefore usually in- 
creased blood pressure, with all its con- 
comitant conditions, is correctly classified 
as an exciting cause of glaucoma; and 
third, that the rcgulation of this increased 
blood pressure is part of the advantageous 
management of increased intra-ocular pres- 
sure, although it may be too much to say, 
as Gilbert has, that blood pressure and 
intra-ocular pressure rise and fall to- 
gether. It may be true, as Thomas Hen* 
derson says, that the intra-ocular pressure 
is influenced by changes in the general 
arterial or general venous pressures, 
wherefay a rise in general arterial pressure 
ioduces a proportionate rise in the intra- 
ocular pressure, but it would seem that 
future investigations must confirm thia 
Statement before it can be entirely ac- 
cepted, as well as his further statement 
that the eflfect of an increased general 
venous pressure is a direct one, produclng 
millimeter for millimeter a corresponding 
increase in the intra-ocular pressure. 




Now, it goes without saying, if these 
data are correct, or even only partly cor- 
rect, that part of the treatment of the 
increased intra-ocular pressure state must 
be constitutional in that the vascular pres- 
sures shouJd be lowered in order that the 
beneficial effect of their relationship to 
the intra-ocular pressure shall be estab- 
lished. It is further a great mistake to 
drive down a high arterial pressure simply 
because that exists. In other words, it 
is often necessary from the general stand- 
point that a certain amount of plus pres- 
sure shall remain if the patient's general 
well-being is to be maintained, There 
must always be a differential diagnosis 
between pJus pressure and what may be 
calied over plus pressure. That is to say> 
a man may be perfectly comfortable and 
propeily need, for example, a pressure of 
160 or 165 mm,^ which is aboYc the 
Physiologie limit, but which is a plus pres- 
sure, while some disturbance in bis general 
life may add to that 10, 15 or 20 mm- 
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morc of pressure, which ia then the over 
plus amount This over plus amount may 
he in assoeiation with a rise of intra-ocular 
pressure, and must be eliminated if the 
latter is to be coiitrolled by a non-operative 
procedure, or, indeed, by an operative one. 
It is no easy matter to determine the 
presence of increased venoua pressure, al- 
thoiigh there are tolerably accurate in- 
strumental technics, and yet, as Henderson 
pointa out, it is just this increased general 
venous pressure which is often detrimentaL 
Therefore the perfimctory use of such 
drugs as nitrite of amyl and the other 
nitiites may not be in the least indicated 
when, for example, the venous pressure 
depends upon inability of the right heart 
to per form its functions, and the drug 
needed may, for example, be digitalis» 
Far better than pressure-reducing drugs 
like nitrite of amyl, urgently indicated in 
some instances and for some purposes, is 
the regulation of life and the restoration 
to their normality of the metabolic proe- 



esses, the eliniination of the worry which 
is usually the exciting agent that brings 
about the over plus pressure, which may 
have as one of its expressions an acute 
rise of intra-ocular tcnsion. 1 believe that 
in the management of a case of glaiicoma, 
whether it he chronic or chronic with sub- 
acute exaeerbations, the greatest care with 
the aid of an expert clinician must be 
exercised to find out exactly what mean 
pressure of the arlerial and renous Sys- 
tem best conforms with the patient's 
general welfare, and I am bitterly opposed» 
and I think with right, to the sudden re- 
duction of tensions, except in emergencies, 
without a perfect understanding of the 
facts I have ventured to indieate- This 
does not for a moment mean that prior, 
for example, to operative werk it is not 
necessary to get rid by means of drugs of 
an over plus tension» for surely the elimi- 
nation of such an over plus tension may 
be the means of preventing, for example, 
an intra-ocular liemorrhagc, and in this 
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cmergency we mast not lose sight of Gil- 
bert's recent investigation, who has found 
that blood withdrawn to the extent of 8 
grams to each kilogram of the body weight 
always produces lowering of the intra- 
ocxüar tension, appearing in six to eight 
hours and lasting to the next day in simple 
glaucoma, and in inBanunatory glaucoma 
commencing the day after the venesection 
and lasting two to three days. It is not 
necessary for me to point out the value of 
free purgation and diaphoresis in this 
respect. 

In most instances the successfui main- 
tenance of a glaucomatous life, exciuaivc 
of operative interference, in addition to 
sustained myosis, demands the investiga- 
tion of the patient's metabolism, whieh 
must be kept at the normal Standard, the 
removal of the evil effects of auto-infec- 
tion, as we are wont to call it, and espe- 
cially the elimination of the cause which 
is responsible for the over plus tension of 
the arteries and of the veins. This is best 
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secured by just such regulation of life as 
has been referred to, aided when necessary 
by the ordinary dnigs which the patient's 
condition indicate, and the success of all 
treatments, be they operative or non- 
operative, is enhanced if such a happy State 
of affairs can be brought about. 

I am firmly convinced that every glau- 
comatous patient, and I now refer to those 
who are the subjects of chronic progres- 
sive glaueoma, should be carefully studied 
from the general Standpoint by the oculist 
with the aid of an expert internist, just 
as I am convinced that the modern expert 
internist should not study his eases of 
cardio-vascular disease without the help of 
the oculist. Perhaps I am going a little 
far afield, but in justification of my State- 
ment I want to quote the opinion of Dr, 
Hobart Hare, one of America's most ex- 
pert clinicians, on blood pressure, because 
it seems to me much barm has been done 
by the more or less brutal knocking down 
of blood pressure simply because blood 
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pressure above the normal existed. "Con- 
cerniiig the matter of high blood pressure/' 
writes Hare, *'independent of cerebral 
lesions, the longer I study the matter the 
more convinced I am that this blood pres- 
sure is devised by nature to compensate 
for fibroid changes in peripheral vessels, 
in Order th*t tissues which would otherwise 
be cut off froui adequate blood supply may 
receive plenty of blood, and I consider it 
one of the most vital points to ascertain 
whether a pressure is what may be called 
the patient'n pathological norm, that is, 
the pressure which is required in the face 
of vascular changes, or whether this pres- 
sure is in excess of his pathological norm, 
If it is in excess, measures directed to 
bring it to the pathological norm should 
be instituted, but if the pressure found 
proves to be the pathological norm it is 
a bitter mistake to lower it, be the pres- 
cure what it may. If it is lowered below 
the pathological norm, aü manner of di» 
turbed cardiac action, etc., may reault. 
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There is no more reason for reducing a 
blood pressure below bis pathological norm 
than there is for reducing it below bis 
physiological norm- The adjiistment nf a 
man*s blood pressure to bis pathological 
norm often has to be as correctly done as 
the adjustment of a watch which is losing 
or gaining time/' 

I shall not quote Hare"s elaborate 
methods for determining these various 
poInts beeause they do not belong to a 
paper of this character, but I quote bis 
admirable advice beeause it emphasizes 
what I believe to be an essential in tbe 
treatment of chronic glaucoma, exclusive 
of operative work, that is, the inteDigent 
co-operation of the oculist and the In- 
ternist. 

Some such thought was in the mind of 
Ibershoflf» who quotes Sterhng and Hen- 
derson's views that tbe rate of secretion 
depends upon and varies with the difFer- 
ence in tbe blood pressure and tbe ten- 
siou of the eyeball, and that the specific 
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gravity of the secretion increases directly 
with the Wood pressure and inversely with 
the ocular tension, Shoiild the blood pres- 
sure be very high, paracentesis, for ex- 
ample, would apparently not be the proper 
prcÄcdure, and the resulting difference 
produced between the blood pressure and 
the eye tension would cause a rapid 
reformation of fluid with higher specific 
gravity and higher osmotic coeflBclent. The 
proper proceduxe in these circumstances 
is first properly to reduce the blood pres- 
sure» or what I have, quotiiig Hare, ven- 
tured to call the over plus pressure. 

4. The relation of osmosis. lympha- 
ffOffue activity, absorption of edcma, capil- 
lary contractüity and decreased aßnity of 
ocular colloida for tsoater to the reduction 
of increased intra-ocular tension. We are 
all familiär with the attention wliich was 
directed some years ago to the statementa 
Coming from French clinics that the treat- 
ment of glaucoma should include the ad- 
ministration of osmotic substances ss 



adjuvants in the reductioa of increased 
intra-ocular tension- Particularly was this 
treatment advocated by Cantonnet in the 
administration of daily doses of 3 grams 
of chlorid of sodiiim, preceded, of course, 
by a carefui urinary examination and the 
estimation of the amount of iirine and its 
contained chlorids. Carefully this dose 
was increased in proper circumstances to 
15 grams per diem, and in Cantonnet's 
original paper good results were achieved 
in 12 of the 17 patients so treated. I 
have myself experimented somewhat, not 
with the administration of sodium chlorid 
by the mouth, but with the introduction by 
the bowel of fairly larg-e quantities of 
Physiologie salt Solution in patienta with 
glaucoma whose quantity of uriiyffy secre- 
tion was markedly below the normal, and 
in one or two startling instances, wlüch 
have been reported, achieved success in 
the rapid reduction of the intra-ocular 
tension when by this technic the urine 
secretioa rose to the normal amount, To 
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€ Stire, myntics were also used, but these 
myotics werc insufflcicnt, totaUy so in 
the two instances noted prior to the 
enteroclysis, 

Very interesting are the observations on 
the subcorijunctival injections of various 
substances, notably the citrate of sodium» 
becaose of its power of decreasing the 
affinity of ocular coUoids for water. This 
method of treating increased intra-ociilar 
tension, introduced, as you know, by 
Thomas and Fischer, has met with con- 
firmation from a number of sources in 
spite of the fact that Happe*s experi- 
mental study failed to confirm Fischer's 
observations; indeed, he even reporta in 
several instances a rise of tension. 

Aa you wiJl remember, the strength of 
ordinary crystaliized sodiimi citrate in 
water should be from 4,05 to 5,41 per 
Cent. Of this five to fifteen miiiims are 
injected, the eye having been previously 
cocainized and adrenolinized. With fre- 
quent injections the weaker of the two 
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Solutions is mixed with 2 to 4 parts of 
Physiologie salt Solution- These aiithors 
in no sense claim to eure glaucoma> but 
to amcloriate it and reduce the tension, 
Weckers has used the salts of caleium, 3 
grams a day, with success in so far as 
lowering of tension is concerned, although 
it must be stated, as a reviewer of bis 
work has said, that bis recommendation of 
this drug in these respects is poorly sup- 
ported, On the othcr band, Tristiano scems 
to have proved that calcium chlorid is 
capable of lowering ocular tension and 
clinically may be used as an adjuvant in the 
treatment of glaucoma for this purpose, 
largeiy because he believes that he bas 
proven that it facilitates the absorption of 
edcma, Darier has reported that a Single 
subconjunctival injection of a milligram of 
iodate of sodium has cleared tbe Cornea 
aDd lessened the intra-ocular pain in glau- 
coma. 

What shall be said in regard to certain 
medicinal agents which stimulate the 



lymphagogue actiyity of the eyeball in 
their relation to the reduction of intra- 
ocular tension, notably of dionin? Toczy* 
ski's experiments with this drug on the 
normal eye indicate that it produces flrst 
a rise of tension, which shortly falls to the 
normal and sometimes below it, the ten- 
sion being blgh as long as the primary 
narrowing of the pupil is maintained, but 
more than one author, particularly A- 
Senn, holds an opposite view and reports 
acute glaucoma following its Instillation 
into a clironic glaucomatous eye. He be- 
lieves that dionin not only does not reduce 
the tension but hinders the filtration 
througli the anterior lymph Channels by the 
pressure of the edema which is produced 
on the veins and by the increased secretion 
of the ciliary processes. In spite of this 
Statement, most of us must agree with 
Karl Grossman's observations that cer- 
tainly in acute and particularly in clironic 
secondary glaucoma, this is a most valuable 
agent, especially if it is combined with 



holocain, whicli Paul Knapp In his well- 
known research has proved can reduce the 
tension even of the normal eye. I c&nnot 
tbink that anybody who has systematically 
used dionin with holocain, the former in 
gradually increasing strength» begiiming 
with 2 per cent and going up to 8 per 
Cent, in various types of acute glaucoma, 
particularly of the secondary variety, can 
fail to have noted a favorable influence. 
Many authors, for example» Darier, 
Grandclement and others, are strong in 
their recommendation of adrenalin, par- 
ticidarly if this drug is added to the vari- 
ous myotic mixtures, and yet adrenalin 
IS certainly not without danger in the 
tre*tment j)f glaucoma. McCaUair has 
«een a number of instances of striking 
increase of intra-ocular tension foUowing 
this instillation in the conjunctival sac. 
Harmon has had a similar experience, as 
also has Senn. It is possible that in these 
circumstances the Solution was too strong. 
Should the rise of tension occur, and I 
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have Seen it myself, it is doubtless due to 
tJie fact that Ihis drug dilates the pupil, 
which would be especially dangerous if 
the dllatation shoiild occiir before contrac- 
tion of the ciliary vessels; also the nar- 
rowing ol" the ciliary veins by the adreiialin 
might by virtue of this narrowing obstruct 
the gate of outflo«' I have never been 
able to persuade myself that, except as an 
adjuvant to operative work, there was any 
real therapeutic vahie in the instillation 
of adrenalin, 

A Word in regard to the effect of general 
narcosis on intra-ocular tension. Thus, 
Neuschul er has observed that narcosts 
cause» an elevation of the intra-ocular ten- 
sion of from 2 to 6 degrees as measured with 
Fick's tonoraeter. These observations were 
made while he was experimenting on Irri- 
tation of the sympathetic as a method of 
producing increased intra-ocular tension. 
This is Dot in accord with Axenfeld's re- 
cent observations. It is well known^ this 
observer points out, that after the period 
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of excitation and muscular rigidity dis- 
appears, there is a lowering of blood 
pressure in Chloroform narcosis and co- 
incidently a sinking of the jntra-ocular 
pressure. Not only this, the intra-ocular 
tension of normal eyes during this narcosis 
drops several miilimeters. Only such eyea 
as have high hypertony, for example, in 
absolute glaucoma, are unaffected during 
Chloroform narcosis. In the light of this 
Observation it wil) be interesting to measure 
the tension both of normal and glau- 
comatous eyes during narcosis in a large 
series of cases, and if it is conflrmed there 
will be an additional reason why in many 
circumstances general narcosis is advan- 
tageous in glaucomatous patients. For- 
merly I thought it was esscntial, if iridec- 
toray was to be performed, lest some 
sudden movement on the part of the pa- 
tient might bring the point of the knife 
in contact with the lens, I have rarely 
employed it in corneo-sclerai trephining, 
and yet if there is this temporary reduc- 
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tion of intra-ocular pressure» it is not with- 
out a certain therapeutie value, and the 
matter is roentioned as a Suggestion that 
additional observations along this line shall 
be made. 
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Dr, George Edmund de Schweinitz' 

Paper on Concerning Non-Surgical 

Measures for the Reduction of 

Increased Intraocular Tension 

Discussion^ 

Nelbon Miles Black, M. D.j 

Milwaakee. 

It seems almost useless to attempt any 
discusäion of Dr. Je Schwelnitz' most terse 
and coniprehensive paper, However, Dr. 
de Schweinitz mentioned the close relation- 
ship which should exist in the non-surgical 
treatment of increased intra-ocular ten- 
sion between the internist and the ophthal- 
mologist, but neglected to mention a cor- 
responding relation which should exist 
between the rhinologist and the ophthal- 
mologist, and possibly between the dental 
surgeon and the ophthahnologist. 

I would like to refer to the now recog- 
nized close relationship which exists be- 
tween disease of the nasal accessory 
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sinuses and diseases of the eye. The defi- 
nition of glaucoma found in Dr. Wood's 
System of therapeutics gives rise to an 
hypothesis as to why disease of the nasal 
accessory sijiuses inay be a factor in pro- 
ducing increased intra-ocular tension and 
why treatment direeted toward obtaining 
free drainage from the sinuses gives good 
results in so many cases, especially if the 
relationship is recognized sufficiently early. 
"Glaucoma proper is essentially a dam- 
miiig or blocking of the drainage from 
the interior of the eye. The chief Ij-mph 
stream flows from the posterior chamber 
past the margin of the lens, throiigh the 
zonula of Zinn, beneath the iris, through 
the pupil into the anterior chamber, thence 
through the tissue at the junction of the 
iris and sciera into the circular eanal of 
Schlemm and from this Space into the ex- 
ternal lymph Channels. Obstruction to the 
steady cscapc of the intra-ocular fluida at 
any point in this drainage System or any un- 
due increase of the fluida themselves inay 
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produce glancoma, Probably the most im- 
portant obstruction to the exosmosis is at 
the angle close to Schlemm's canal." 

The following hypothesis is based lipon 
Fischer's edema theoiy of glauooma and 
the relation of the circulation of the eye and 
orbit and tliat of the nose and the accessory 
sinuses, the minute anatomy of which is 
not as yet thoroughly understood- How- 
ever» sufficient work has been done to make 
it appear that the lymph Channels which 
drain the eyes and orbits empty into the 
same main Channel as do those which 
drain the sinuses. Admitted for sake of 
argument that such is the case, then dis- 
ease either acute or ehronic of one er more 
of the sinuses with the aecompanying in- 
flammatory reaction, congestion and stasis, 
will cause an increased amount of fluid to 
be taken care of by the lymph Channels 
draining these sinuses. This will in turn 
cause flooding of the common IjTnph Chan- 
nel, producing a Stagnation in the flow 
of fluid from the orbits and eyes at the 
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junction with the main channel» vnih 
backing up of the fluid witliiii these Chan- 
nels and retention of the waste products 
within the orbits and eyes; thus will be 
brought about conditions most favorable 
(to quote from Fischer's tlieory of glau- 
coma) "to an abnormal production er ac- 
cnmulation of aeid in the eye. In conse- 
quence of this abnormal acid content the 
hydration capacity of the ocidar colloids is 
raised and glaucoma results, not beeause 
water is pushed into the ocular colloida, 
but beeause these suflfer changes which 
make them suck in water from any avail- 
able source.*' 

This hypothesis also might siiggest why 
the subconjunctival inj ection of sodium 
eitrate in addition to alkalinizing the ocidar 
Contents, may be effective in reducing ten- 
sion, i. €-, the amount of fluid injected be- 
neath conjunctiva may overcorae the Stag- 
nation in the lyniph passages, fiush out 
these channeb and improve ocular elimina- 
tJon. 
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Fischer in a personal letter says: 

"You have two possibilities for the pro- 
duction of glaucoma with siniis disease: 
A toxic factor due to poisons being carricd 
into the eye; and secondj interference with 
a proper blood supply to the eye through 
compression of the efferent or afferent 
blood vessels supplying the eye from edema 
of the tissues about the eye consequent 
upon the sinus infection- Either is asso- 
ciated with the production of substances 
which increase the hydration capacity of 
the ocolar colloids," 

If such 13 the case why could not the 
esistenee of pyorrhea and blind abscesses 
about the roots of the teeth be the source 
of the toxic factors mentioned by Fischer? 
Hence the suggested association of the 
dental siirgeon with the ophthabnologist in 
these cases of apparently idiopathic in- 
crcascd intra-ocular tension. 

It would be well to State here a cursory 
examination of the mouth will not discover 
root absoesses any more than such ex- 



amination will discover non*suppurative 
sinus disease. A carefui examination of 
each tooth together with radiograms of 
the entire maxilla are absolutely essential 
to determine their presence or absence. 



im 



Trephining for Glaucoma 

BT 

"RoRRBT Henäy ElXlOT, M. D., 
London, England. 

Mr. President and Members of The Chi- 
cago Ophthalmological Society: 

As the hour is late I propose to take up 
on]y the principal points in connection with 
my subject and to deal with each one 
shortly. 

First; The Operation of trephining is 
suitable, not merely for chronic cases, but 
for sub-acute and acute cases of glaucoma 
as well. I would urge on your attention 
that, of all the Operations dealing with 
glaucoma, tliis one involves the minimum 
of surgical violence, and should, therefore, 
in acute cases be the Operation of choice. 
It is, moreover, much safer than any other 
Operation I know of, and is no less certain 
va 



in its results. I do not ad^ise trephiiung' 
in the secondary glaucoma foUowing in- 
tmaescent cataract, for in such cases the 
semi-fluid lens bulges into and blocks the 
trephine hole, Nor for obvious reasons do 
I rccoramcnd it in caaes wherc there is 
reason to believe that a commxmication ex- 
ists between the aqueous and vitreous Cham- 
bers, 

Second; The object of trephining is 
to tap and permanently drain the aque- 
ous fluid frora the anterior Chamber of 
the eye into the sub-conjunctival space; 
in doing so it is essential to avoid a3 
far as possible all interference with the 
uveal tissue. The purpose of an iridec- 
tomy is to avoid the danger of the Iris 
in the neighborhood of the wound being 
drawn and impacted in the trephined hole. 
We haye found in a large number of 
cases in wliich an iridectomy has been 
omitted, that the results have been in no 
way inferior to those in which a piece of 
ins has been removed, provided always that 

MB 




no suBsequent iris prolapse tates place. In 
puTSuaiJce of our purpose to avoid iiveal 
tissue, we split the Cornea, and place the 
trephine as far forward as such Splitting 
Tvill alloWj and we bear on the trephine in 
such a way that it cuts through on the cor- 
neal edge of the wound fiist. This insures 
establishing our fistiila in the most anterior 
Position possible, and, therefore, as far 
away as possible from the ciliary body and 
the angle of the Chamber. 

Thirdr The difflt?ulties of the Operation. 
Far too much stress has been laid on these, 
Trephining is an Operation which can be 
performed by any surgeon who is used to 
Ophthalmie manipulatlons, and who has 
good sight. It is essential that he should 
work in a good light, The necessary tech- 
nique can be acquired from a written de- 
scription, It is not for a moment necessary 
that the surgeon who wishes to leam tre- 
phining should see the originator of the 
Operation at work. If, however, he feels 
diffident at undertaking the procedure until 
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he has Seen it done by another, there are 
many ceiiters in this country where the 
Operation is now being siiccessfully per- 
formed, I would mention amongst those 
which I have visited New York, Minne- 
apolis, St. Louis, Nashville, Louis ville, 
Detroit and Chicago. I have seen results 
of trephining by American surgeons which 
could not be bettered anywhere, 

Fourth: I am sure that everybody will 
recognize the difficulties of operating dur- 
ing such a tour as I am now making. I 
have so far in the last raonth performed 
over seventy trephinings in ten eitles, and 
in twice as many cliiiics. To adapt one's 
seif to different cliiiical mcthods, different 
assistants and different nurses is so diffl- 
cult that, as yon are aware, many dis- 
tinguished aurgeons refuse to work out of 
their own clinics, One cannot expeet the 
results of such a tour to be on a par with 
those one obtains in one's own quiet daily 
surroundiiigs, I am, however, confident 
that you will make a generous allowance 

110 



for these diificulties, and I gladly wekomt 
the Suggestion that all the cases which I 
have nperated on in America be coUected 
togethcr and reviewed as a whole. 

Fifth: In conclusion I would like to 
express the pleasiire with which I listened 
to Dr. de Schweinitz' paper. I believed 
from the title that there might be a wide 
divergence of opinion between us. I find 
to my great relief that we are in absolute 
accord, I know, however, that there arc 
in America and elsewhere able men who 
consider that the medical treatment of 
glaucoma should be pushed as long as pos- 
sible, I cannot but feel that this is a 
suirival of the dread that most siirgeons 
have feit in recommending one of the older 
Operations for glaucoma, We have now 
in OUT hands a method so safe» so easy and 
so certain that I feel sure that this dread 
will ere long pass away^ and that the diag- 
nosis of glaucoma will then be foUowed 
by a very early Operation. In India I 
have gone farther than this, and where 
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one eye has shown high tension, I have 
frequently trephined both. The prophy- 
lactic use of the Operation is more than 
jiistified in thnt land of long distances and 
scattered medical aid, and where the patient 
is not hkelv to return a second time for 
surgical help. This prophylactic trephin- 
ing is a proposition that I put before you 
today for your consideration, reminding 
yon at the same time that glaucoma is 
practically invariahly a bi-Iateral cnndition> 
I have Seen even in America not a few 
people bhnd in both eyes who might have 
retained the sight of the second eye had 
the surgeon advised a double sclereetomy 
when he first saw the case, despite the fact 
that the second eye was then to all appear- 
ances non-glaucomatous. 
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Dr. Robert Henry Elliot's Paper on 
Trephiaing for Glaucoma 

Dicussian, 

Fäank C, Todd, M, D., 

Minneapolis. 

It is very difllcult for one of limited ex- 
perience to diseuss a subject presented 
so ably by Lieutenant Colonel Elliot to 
whom we are iodebted for the sdero-comeal 
trephine Operation. He has already over 
a period of a little over foiir years per- 
formcd over 900 trephinings, and has made 
a most careful subsequent study of the 
results of those Operations on as many 
cases aa he liad the opportunity to observe. 

Anyone who has read Colonel Elliot's 
book on the sclero-corneal trephining Oper- 
ation will be Struck with the faet that he 
has not only had a tremendous experience 
in Ophthalmie surgery, but that he has 
made the best of that unusual opportunity, 
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and that to a foimdation of a careful train- 
ing he has added the experience of twenty- 
two years of hard painstaking work. 

I have recently had the privilege of en- 
tertaining Colonel EUiot in my own city, 
where I had the opportunity of assisting 
him and hence closely observing his teoh- 
nique in eighteeii trephinings. It has since 
been my duty, and responsibility I may 
add, to care for those eighteen eyes. For 
two years I have been doing the Herbert 
tongTie Aap, or a similar Operation, The 
results have been highly satisfactory thus 
far and similar to those following the tre- 
phinlng Operation, which Operation I have 
performed in a number of eases during the 
past ten months. My conclusions as to 
these two Operations are favorable to the 
trephining Operation because the Herbert 
tongTie Aap Operation is much more difE- 
cult, and hence less certain than the ElHot 
trephining Operation, 

The time for discussion does not permit 
a detailed Statement of the results nor ex- 
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perieuces in the handling of these trephln- 
ing cases. Of the entire number five totally 
blind eyes were trepbined, Tension waa 
reduced in all but one. In that one hemor- 
rhage occurred at the time of the Operation. 
One of these blind eyes had not been totally 
blind longer than a few weeks, Hand 
movement Vision developed in this eye. An* 
other eye totally blind one year has thus 
far developed perception of light. Of the 
cases with varying degrees of vision frora 
band movements to six-ninths all but one 
have either remained the same or shown 
some improvement- The one exception 
was an eye having six-mnths vision, A 
small button hole iridectomy was made; 
Prolapse of the iris into the wound occurred 
four days later reqiiiring incision, Upon 
incision of the prolapse intra-ociilar hemor- 
rhage occurred, causing nearly total blind- 
ness for two weeks, Vision Is Clearing fast 
and it remains yet to be seen what the final 
results may be, One buphthalmic eye tre- 
phined by myaelf gave good results. 
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I have as yet seen no cases of remote in- 
fection, but thc report of Axenfeld and 
some othera woiild indicate that this oc- 
curred foUowing the Lagrange aa well 
as the trephining Operation, the then bulg- 
ing conjunctiva having become eroded and 
infection having taken place through the 
eroded conjunctiva as shown when stained 
with flourescin. 

The opinion, not yet conclusive, that I 
have thus far formed as a consequence of 
my experience and the information ob- 
tained from others of greater experience is 
as follows: 

First; That in those cases of chronic 
glaucoma in which iridectomy has been of 
benefit in preventing or retarding the on- 
coming of hlindness, the result has appar- 
ently been secured by reason of the fact 
that filtration has been produced, and not 
merely because a piece of iris has been re- 
moved. 

Seeond: That in chronic glaucoma (in 
acute glaucoma iridectomy has proTen a 




satisfactorj^ Operation) when the progress 
of the disease cannot be arrested by non- 
surgical treatment ( an even in soroe of 
thesCj where, for instance the patient can- 
not be kept under Observation or will not 
carry out the treatment) some form of 
Operation intended to produce filtration 
should be performed- 

Third: The Elliot selero-corneal tre- 
phining Operation carefully performed in 
accordance with the author's technique in 
the light of OUT präsent knowledge seems to 
he the best and safest Operation to produce 
that result. 

Fourth : That to glaucoma may be 
added buphthalmos and staphyloma, as 
diseasefi often eapahle of rehef by trephin- 
ing and indeed toward the relief of which 
trephining is the best form of Operation 
yet presented. 

Fifth: That the results secured when 

the Operation is well done and the after 

care is properly followed out are satisfac- 

tory, in that the Operation in a large pro- 
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portion of cases apparcntly pennancntly 
lowers the tension to normal or below nor- 
mal, relieves pain, preveats the oncoming 
blindness ( otherwise inev jtable ) and in 
many cases causes an imprcivement in the 
acuity of Vision, in the Visual field. And 
in occflsional eases of blindness of not too 
lon^ duration^ it restores some vision, oc- 
casionally to a marked degree. I 

Sixth: That it is not a simple nor easy 
Operation and should, therefore, be per- 
fornied oidy by an Operator well trained 
in Ophthalmie surgery. The careful and 
skillful techniqne of the origmator of the 
Operation perhaps accounts for his greatcr 
success in its results and those who perform 
the Operation should follow his technique 
and be capable of handling complications 
that may later arise- 

In conclusion, Mr, President, I wish to 
say that we Ophthal mologists the worM 
over are indebted to Lieutenant Colone] 
Elliot not alone for his contributions to 
our knowledge, but for his persistence 
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against precedent and criticism in estab- 
lisliing the facts upon which rest the foun- 
dation for the success of his Operation, and 
for so cmphasizing the great importance 
of this epoch-making achievement. 

It is because we respect his wisdom 
gained by incessant study and experience 
in a country where climatic conditions are 
such that a man of ordinär}^ energy would 
have failed to do even average work that 
we so readily welcome the teaching of this 
enthusiastic evangelist, 

His pilgrimage to our conntiy will be 
the meaas of starting many in this new 
field^ and we shall soon be able to draw 
more definite and final conclusions froin our 
own experiences. 
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Operations Other than Scleral 

Trephining for the Relief 
_ of Giaucoma 

BY" 

Casey A, Wood, M. D., 
Chicago. 

In this paper I shall say a few words 
about the large mimber of operative pro- 
cedures that, apart from trephining, or, 
preferably, trcpanation, have been urged 
in the treatment of the various forms of 
giaucoma. Their nanie is legion and 
among them we find peripheral iridectomy; 
anterior sclerotomy; iritlü-sckrutomy; scler- 
h'itomy; de Wecker 's dialysis of the Iris; 
Hancock's division of the ciliary muscle; 
the incision of the iridian angle of de Vin- 
centiis ; sclero-cyclo-iridic punctnre ; the 
Sterns-Semmereole sclerotomia antero-pos- 
liai 




ierior; the iransfixio tridia of Fuchs; An- 
tonelli's peripheral iritomy; Holth's forma- 
tion of a cystoid cicatrix; Hernes Operation; 
Terson's sclero-iridectomy; Abadie's ciliar- 
otomy; Ballantyne's incarceration of iris 
method; Masseion 's small equatorial scler- 
otcmy; Simi's equatorial scierotomy; Gale- 
zowski'a sclcro-choriotomy; excision of the 
cervical ganglion; removal of the cUiary 
ganglion; Querenghi's Operation of sclero- 
choriotomy; Bettremieux's simple anterior 
sclerectomy ; Heme's cyclodialysis ; Her- 
berts wedge-isolation Operation; Verhoeff's 
Operation with a special sclerotome; Holth*s 
sclerectomy with a punch- forceps; Walk- 
er's hyposcleral cyclotomy; posterior scier- 
otomy; T-shaped scierotomy; and last but 
not least the Lagrange form of sclerec- 
tomy with its various modifications by 
Brooksbank James, myself and others. 

In addition to the foregoing list — ^which 
IS by no means complctc — there are several 
combinations of Operations, as, for example, 
the Fergus trepliining Operation, which is 
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really a combination of a sclero-corncal 
trepanation and a cyclodialysis. 

So far as it is practicable there is a cer- 
tain amount of wisdom in comparing the 
results of an operative procedure with 
others witl) wliich it is brought in competi- 
tion, and I believe we are even now in a 
Position to form at least some idea of the 
comparative value of the three methods 
that comprise the great majority of inter- 
ventions made use of by Ophthalmie sur- 
geons at the preätnt time, I refer to iri- 
dectomy. the Lagrange Operation, and the 
Ettiof operation^ So far as regards the 
last namcd procedure, I congratulate this 
Society that it has had an opportunity of 
seeing a demonstration and Hearing a dis- 
cusslon by the famous Ophthalmie surgeoa 
who perfected it. 

As regards the others let rae recoromend 
to you the complete description of them 
given by Posey in A System of Ophthalmie 
Operations. 

Let US consider the first of tbe three 
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procediires just mentioned — iridectomy — 
introduced by von Graefe. The mechan- 
ism of its mode of eure is best studied in 
cases of acute priraary glaucoma, when 
there is apposition of the periphery of the 
iris to the cornea. In these acute cases 
there is probably only a mere apposition, 
and the biccking up of the sclero-iridian 
angle is largely mcchanicaL Here the root 
of the iris is readily removed in its entirety 
and a really peripheral iridectomy is easily 
done. When, however, a true adhesioti be- 
tween comeal and iridic tissuc takes pla*;e 
the filtration angle is not so easily opened. 
True peripheral adhesions are not readily 
brokcn up or scparated, and the iridectomy 
is, for that reason at least, not eflfective. 
Moreover^ this form of anterior synechia 
(resulting from a true union of iris and 
Cornea) is so intimate that the iris root 
is, by the iridectomy, torn away only at 
the selero-iridian angle at the anterior bor- 
der of the adhesion — and does not opeu 
up a Channel into Schlenmi's canaL It 
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is not, therefore, difficult to understand 
why iridectomy alone in any of the forms 
of chronic glaucoma fails to open up the 
true filtration Spaces aud does not provide 
a drain that pertnits of an escape of fluid 
from the posterior chamber through the 
loose tissue that surrounds it into the canal 
of Schlemm. Treacher Colliiis found, after 
a carefnl examination of eyes upon wliich 
iridectomy had been performed for glau- 
coma, that it 13 extremcly rare for the 
initial section to pass through the pectinate 
hgament, while Schlemm's canal invariably 
escapes. Moreover, since the sclero-corneal 
incision is uniformly oblique, the positlon 
and extent of the external wound does not 
always furnish evidence of the character 
of the internal wound. In all likclihood 
many cases of relief or eure following iri- 
dectomy are those due to the formation 
of cystoid sears or minute flstulae, rather 
than as a result of the removal of a por* 
tion of the iris periphery. 

The best brief tabnlation of the results 
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obtained by iridectomy, in glaucoma, is 
to be found in Weeks' textbook on Dis- 
eases of tke Eye, paj^e 417: "Sulzer re* 
ports as follows : Acute glaucoma, 1 49 
cases; improved^ 72,5 per cent; serviceable 
Vision preserved, 1L3 per cent; vision im- 
paired at once» 4.08 per cent; very little 
Vision, 12.12 per cent. 

"Zentmeyer and Posey: In simple glau- 
coma central vision increased in 60 per 
Cent; remained the same in 20 per eent; 
diminished in 20 per cent. 

"WygodsM : Inflammatorj^ glaucoma, 
87 cases; improvement. 76 per cent; unim- 
proved, 5 per cent; deterioration, 10 per 
cent< Sub-acute (chronic inflammatory) , 
147 cases; improvement 10 per cent; im- 
improved ( condition the same as bef ore 
iridectomy), 40 per cent; deterloration, 30 
per Cent; blindness, 20 per cent. Cases op- 
erated on at an early stage gave 85 per 
cent of good results. Simple glaucoma^ 
104 cases; improvement, 0,96 per cent; eon- 
dition as bef ore, 10.5 per cent; deteriora- 

196 





tion, 62 per cent; amaurosis, 36,5 per cent. 

**Hahnloser and Sidler: One hundred 
seventy-two eyes observed not less than 
ten years after Operation; acute inflamma* 
tory, 31 eyes; good results, 64 per cent; 
relativeJy good, 13 per ccnl; blind 23 per 
Cent; chronic inflammatory, 37 eyes; good 
result, 29.9 per cent; relatively good, 27 
per cent; blind, 43 per cent; simple glau- 
coma, 76 eyes; good results, 42 per cent; 
relatively good, 28-9 per cent; blind, 28.9 
per cent." 

As far as the Lagrange procedure is 
concerned, you will remember that after 
eserinization an oblique incision is made 
through the sclera by means of a narrow 
Graefe knife and a large conjiinctlval Aap 
secured. This is obtained by making a peri- 
pheral sectinn cf the sclero-corneal margin 
with the knife and, as soon as the edge of 
the knife reaches the Upper limit of the an- 
terior Chamber, it is turned backward and 
brought out through the sclera obliquely. 
The conjunctival Aap thus formed is 
IST 




turned back over the Cornea, and the frag- 
ment of sclera that is left attached to the 
Cornea is removed by means of a fine pair 
of delicate curved scissors, Following 
this an iridectomy is performed. The con* 
junctival Aap is now xeplaced and a band- 
age applied. 

This Operation opens a large filtration 
passage fnr the intra-ocular fluids and the 
prompt healing of the wound with its 
mucous covering prevents prolapse of the 
iris. 

TJnder no eircumstances must Iris be left 
between the lips of the wound, 

Although Lagrange advocated iridec- 
tomy in all cases in bis first communication, 
he no longer judges the procedure to be 
necessary in all instances^ reserving it for 
cases in which for any reason, such as 
hypertenslon, prolapse is to be feared. 

While Lagrange holds that it is neces- 
sary to open the anterior Chamber, Bet- 
tremieux thinks that a removal of but a 
portion of the thickness of the sclera suf- 
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fices» His procedure is as follows: After 
raising a Aap of conjunctira from the 
neighborhood of the limbus a medium 
si2ed needle^ curved and flattened towards 
Lt5 point and firmly grasped in a needle 
holder, is thrust superficiaDy into the 
sclera tangentially to the upper edge of 
the Cornea, so as to become fixed in the 
capsule of the eyeball A small sharing 
of the sclera, about 1^ mm. thick, iy2 to 2 
mm. broad and from 2 to 3 mm, long, is 
then excised by mcans of a narrow Graefe 
knife, The scleral slip is then freed from 
the conjunctiva at each end and the 
mucous membrane brought together over 
the wound hy fine catgut sutures, 

As you are well aware, numerous Oper- 
ators regard the Lagrange Operation as 
sQperior to the iridectomy of von Graefe 
because they believe there is filtration 
throngh the newly formed tissiie between 
the lips of the operative wound. Among 
those of many observers the conclusions 
of BallantjTie may be quoted: "The re- 
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sults of sclerectomy vary aecording to the 
degree of hypertension of the eye operaled 
on. Three varieties of cicatrix are dis- 
tinguishable aecording to the amount of 
sclera excised: (1) that in which there is 
mere thinning of the sclera owing to the 
excised portion not reaching the posterior 
surface of the Cornea (conjunctiva smooth- 
ly Covers the cicatrix); (2) that repre^ 
sented by a subconjunctival fistulette, due 
to excision of the whole thickness of the 
sclera, in an eye wlth moderate tension (the 
conjunctiva lies smoothly over the cica- 
trix) ; (3) the fistulous cicatrix with an am* 
pulliform elevation of the overlying con- 
junctiva, resulting from excision of the 
whole thickness of the sclera in an eye the 
Seat of high tension. In cases of high ten- 
sion, even a simple sclerectomy will allow 
ample filtration, owing to the gaping of 
the wound, while in cases without elevation 
of the tension, sclerectomy will be quite 
ineffectual. Lagrange therefore proposes 
the following rules of procedure: (a) If 
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tensions is normal to +1, do sclerectomy 
without iridectomy, the araount of sclera 
excised being inversely proportionate to 
the degree of hypertension, (b) If tension 
is +1 to +3, do sclerotomy-iridectomy, 
the iridectomy heing added to avoid en- 
tanglement of the ins, Lagrange does not 
rccommcnd his Operation for acute glau- 
coma. It is especially adapted for cases 
of chronic simple glaucoma." 

During tlie past teil years or more I have 
been doing a modification of the Lagrange 
Operation, the details of which (The Oper- 
ative Treatment of Glaucoma with Special 
Reference to the Lagrange Mcthod, The 
Canadian Medical Association Journal, 
November, .1911) I have elsewhere pub- 
lisbed. 

As stated h\ this paper I have modified 
the procedure to the extent of removing 
all the conjimctiva attached to the borders 
of the operative wound. I admit that tliis 
inten^ention exposes the root of the iris 
and the ciliary body, but I have never yet 
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^ ecfion of the wound. 

I attribute tbis freedom from sepsis to 
careful cleansing of the conjunctival sac 
find to other pre-operative precautions, but 
especially to the use> before and after the 
Operation, of White's ointment — a prepa- 
lation of 1-3000 mercuric chloride in sterile 
Vaseline. One cannot use Sublimate in 
such a strong watery Solution, but the Vas- 
eline seems to modify it and to allow of such 
slow ahsorption that it is not only a non- 
irritant but a most excellent antiseptic ap- 
plication in Operations on the eye. 

In any event the result of the Lagrange 
Operation proper, as well as my modifica- 
tion of it, is to produce a drainage-oedema 
about the incisional wound which persists 
almost indefinitely. In many cases this 
swelling amounts to a hieb which may be 
increased by massage of or pressure upon 
the eyeball. The efficacy of the Operation 
in lowering intra-ocular tension Is to some 
extent measured hy the degree and the 
constancy of this epibulbar oedema; indeed, 
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r suspect that the most successful exampl^a 
are those in whicli scleral fistulae, minute 
or otherwise, form aa a sequel of the Oper- 
ation. 

My object in excising the conjunctiva 
about the sclero-corneal Aap, is to delay 
Union of the wound edges, to widen the 
bridge of loose cicatricißl tissuc between 
them, to prevent such a complete growth 
of the endothelium as would cover the 
wound and block the exit of fluids, and to 
insure Intra-ocular rest. 

In cases of chronic inciease of intra- 
ocular tension associated with a quiet 
Uveitis or an iridokcratitis, whcn the pa- 
tient exhibits traces of cid synechiae, or 
where there is danger of their re-formation, 
I do not hesitate to use atropia as long 
as the wound of Operation has not bealed- 

To the present time I have done 72 Op- 
erations of the sort and have seen no reason 
to alter the opinion of it expressed in the 
article mentioned. Whatever objection 
may in the future ariae — and I freelj- con^ 
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fcss that it teeirts to be fraught with the 
dangers that many of my coHeagues have 
pointed out as probable — I have so far not 
Seen a single case of infection of the wound 
of Operation. Whüe I believe the anti- 
glaucomatous results to be excellent, I may 
also Claim that the Operation is of the 
siniplest character; and it is easy of Per- 
formance and the resulting filtration-scar is 
large and (perhaps) more permeable to the 
changed intra-ociilar fluids than the quicker 
healing wounds of the usual Lagrange and 
Elliot procedures, 

It is regarded fay most Operators as de- 
fiirable that there should not be long de- 
layed healing of the operative wound, and 
the fact that the conjunctiva Covers the 
incision is often spoken of as an advantage, 
partly becaiise it shields the large opeii area 
produced by the Lagrange incision from 
infection. 

My experience of this modified Operation 
continues to be that it is necessary to clear 
the neighborhood of the Operation wound 
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entirely of conjiinctiva. If the down- 
growth of epithelium into thc operative 
wound is pennitted the effects are by no 
means as pronounced, and the eventual 
lowering of tension is not as permanent as 
they otherwise would be. 

Another matter: I am satisfied that the 
delayed filhng of the wound by connective 
tissue is desirable in most cases of chronic 
glaucoma. A complete drainage of the 
intra-ocular fliiids that results from long 
delayed union of the wound cdges, allows 
the iuterior of the eye to regain, as far as 
possible, the status quo ante. On the other 
hand the comparatively early closure of 
the wound (or the termination of free 
drainage and minus tension ) tenda to 
re-establish the status glaucomato$us. 
Whether these desirable results are to be 
reahzed or not will, of course, depend upon 
a future experience larger than I have yet 
had. This modification of the Lagrange 
Operation seems to be a radical one and I 
do not expect its adoption until the results 
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of fln extended trial are carefully recorded 
and reported, 

Quite recently aeveral Operators, who 
have been in a position to do so, have 
contrasted the results obtained by the El- 
IJot method and ttiose following tbe La- 
grange procedura Probably the most 
important of these observations is the ex- 
pcrience of Melier (Die Sklerektomie nach 
Lagrange und die Trepanation nach El- 
liot) set forth in a paper read by him at 
the last meeting of the Deutsche Natur- 
forscher und Aertze, In this report Mei- 
ler gives an accoimt of 389 sclerectomies 
following the usual Lagrange procedure- 
Twehe per cent of the cases were of acute 
glaucoma; 61.5 per cent of chronic inflam- 
matory glaiieoma, and 9 per cent of simple 
glaucoma. The rest of the Operations were 
done in other forms of the disease. In more 
than half the cases the usual iridectomy was 
performed; in 80 per cent the procedure 
was peripheral; in 4i per cent there was no 
iridectomy. The patients were studied 
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during a period of five years. In more 
than half the instances there was a pale, 
cystic, oedematous cicatrix; in 11 per cent 
the scar was ectatic, and in the remainder 
the field of Operation was quite flat. The 
form of the scar was described in most 
instances, but it w^as not noticed that there 
was a deflnite relation between the cicatri- 
cal formation and the intra-ocular tension. 
In 70 per Cent of the cases a good result 
followed the Operation, but in 10 per Cent 
the result was decidedly unsatisfactory. 
Cloudiness of the lens set in in 4 per cent 
of the cases, while posterior synechiae 
developed in the great majority of them. 
In 2,3 per cent the eye was attacked by 
iridocyelitis and in 3.4 per cent enuclea- 
tion was found to be necessary, Six 
eyes became atrophic but were not, for 
yarious reasons, removed, One and three- 
tenths per cent of the eyes operated on 
were lost from late iofection, Vitreous 
was lost in 6,2 per cent. Two eyes became 
blind from cxpulsive hemorrhage. The 
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large majority of these complications arose 
in the eyes operated on for chronic glau- 
coma. There were fewer eyes lost follow- 
ing the Operation for glaucoma stmplex 
than in the other forms of the disease. 
Recurrences were noticed in 11,8 per cent 
of all the cases; in simple glaucoma 14.8 
per Cent as against the acute and chronic 
forms with 6 per cent, A return of the 
glaucoma was noticed in 7 per cent of the 
pale, oedematousj post-operative scars, in 16 
per cent of the flat cicatrices, and in 24 per 
Cent of the ectatic variety, Considerable 
stress is laid upon the fact of the marked 
softness of the eyes after each Operation, 
There were histological examinations made 
of the eyeballs in 11 cases, in which the 
Position of the incision and excision, the 
development of the scar tissue, and the ap* 
pearance of the complications were duly 
set forth, The Operator theo gave a his- 
tory of 07er 178 trepanations after the 
Elliot method and compares Ihem with the 
procedure of Lagrange. He concludes that 
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the EUiot trepliiiiing Operation is less 
dangerous, ia more likely to be followed 
by the development of a cystic scar, and 
leads to loss of the eye in only 2.4 per 
Cent of the eyes operated on. In £lliot's 
cases the percentage of relapse was more 
noticeable than in the Lagrange cases 
where no iridectomy was done. This ob- 
server concludes that the method of EUiot 
is to be preferred to that of Lagrange» and 
that in the former case iridectomy is an 
important factor in obtaining a favorable 
result, This being the case one cannot 
truthfully say that trephining alone can 
take the place of the old Graefe iridectomyp 
On the other band, treplüning may with 
advantage be employed iiistead of iridec- 
tomy for cases difflcult or dangerous under 
the latter method. 

Whatever difference of opinion was no- 
ticeable at the Vienna mecting, all of those 
present, especially Meiler, the reader of 
Üie paper just quoted, were decidedly of 
the opinion that the Elliot Operation is in 

139 



evcry respect the one best adapted to buph- 
tbalmia, or cüngenital glaucoma. 

In conclusion let me say that the accept- 
ance or rejection of Colonel Elliot's pro- 
cedure or any othcr Operation is not to be 
decided by the percentage of iritis, sec- 
ondary cataract, relapses, lost eyes, etc., 
but by deciding whether or not bis pro- 
cedure in the various forms of glaucoma 
gives the best results, including the preser- 
vation of oomfortable eyes. In other words^ 
we are seeking not the Operation tbat will 
eure every case of glaucoma but the one 
which is capable, in the hands of the aver- 
age ophthaJjnic surgeon, of relieving or 
curing most cases of that affectioo. 
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Dr Casey A. Wood's Paper on 

Operations Other than Sderal 

Trephining for the Relief of 

Glaucoma 

Discnssion, 

Albebt £< BaLHON, Jr., M, D., 

Fort WÄyne- 

Increasing belief in Colonel Elliot's view 
that trephining should be the Operation of 
choice in any form of glaucoma, makes it 
difiicult to consider Operations other than 
trephining in ajiything but a spirit of dis- 
favor. 

TJntil recently the decision as to the 
kimd of operative procedure to be employed 
for the relief of glaucoma has depended on 
the form and stage of the disease, and the 
amount and character of the vision of the 
ftflfected eye, Many Operators still hold 
that an iridectomy is the most valuable of 
all Operations for acute inflammatory glau- 
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coma, and not a few hold that the operE- 
tion has a decided place in the treatment 
of simple glaucoma, The Operation is not 
without difficulties, and one is inclined to 
agree with EUiot who says that "The 
man who can make a 'finished iridectomy' 
quietly and cleanly has graduated ss an 
Ophthalmie Operator." The difficulties of 
an iridectomy are especially pronounced in 
those cases in which the anterior ehamber 
is extremely shallow and the iris is pressed 
against the cornea. It is in such cases that 
the success of the Operation is increased by 
the addition of posterior sclerotomy and 
the intelligent use of miotics prior to the 
Performance of the iridectomy. Even then 
the permanent resiilts of the iridectomy will 
bc modified in proportion to the success 
secured in freeing the filtration angle and 
opening Schlenmi's cand by thorough re- 
moval of the root of the iris. 

The failure of many apparently well 
executed iridectomies may be attributed to 
the fact that the iris is not removed to 
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the extreme root, and the remaining stump 
is sufficient to block the drainage. This 
13 especially apt to be the case in dironic 
glaucoma where the iris is adherent to the 
Cornea, and in efforls to free the filtration 
angle by an iridectomy the iris is torn off 
in front of the adhesion and the filtration 
angle is not opened. 

As EUiot has pointed out, iridectomy is 
most open to attack on the ground of 
safety. We have to take into account the 
large scieral wound made, and the fact that 
this lies close to the ciliary body. The sud- 
den release of all tension and the simul- 
taneous weakening of the supports of the 
Jens and vitreous body create very unfavor- 
able conditions under which to make the 
crucial step of the Operation. 

The poor results following an iridectomy 
in chronic glaucoma have led to the devis- 
ing of many Substitute Operations, of which 
those tending to the production of a filter- 
ing scftr are now preferred, and, experience 
shows, hold out the most hopc of bringing 
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about long continued relief. It eren is 
considered probable that the effects of an 
iridectomy which brings about more or less 
permanent reduction in the intra-ocular 
pressure is due to the formation of a filter- 
ing sear which augments whatever results 
may have been secured in the attempt to 
open up the drainage into the eanal of 
Schlemm- 

Dr, Wood has refcrred to several of the 
many Substitutes for iridectomy that have 
been proposed, and it is unnecessary to 
enumerate them again or to attempt to 
point out their good or had featurea. It 
is suflBcient to say that for the average 
Operator and the larger per cent of cases, 
the Operation which is easiest to perform, 
is attended with the least risk and offera 
the best hope of permanent results should 
be the one of choice. Sympathectomy has 
faiied to secure a place in Ophthalmie sur- 
gery, sclerotomy has not been found ade- 
quate, and cyolodialysis is not sufficiently 
simple of execution or permanently bene- 
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£ciftl in its results to give it prominence. 

Of the Operations proposed for the for- 
mation of a filtering cicatrix, those of 
Elliot and Lagrange are j ustifiably the 
most populär- Those of us who have had 
the pleasure of seeing the trephining Opera- 
tion done by Col- Elliot are impressed 
with th€ fact that the Operation, even in 
the hands of its originator, is not, when 
properly done, unifonnly easy of Perform- 
ance. It does, however, offer the advan- 
tage of carrying with it the minimum 
amount of risk, and the apparently per- 
manent results secured justify the ophthal- 
mologist in acquainting himself with the 
technique of the Operation, for, as pointed 
out by Sydney Stephenson and others, 
"the technique is responsihle for snccess 
or failnre." Furthermore, there is no suf- 
ficient reason why the field of usefulness 
of the Operation should be eonfined to the 
chronic forms of glaucoma, and CoL 
Elliot unhesitatingly recommenda trephin- 
ing as safer and more efBcient than any 
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other operative procedures at present efn- 
ployed for the relief of acute glaucoma. 

The success of the Lagrange Operation, 
whioh, like the Elliüt Operation, aims to 
produce a fistulous coramunication between 
the anterior Chamber and the sub-conjunc- 
tival area, depends upon securing the 
remoral of a lelatively large section of all 
of the layers of the scleral and comeal lip 
of the wound, so that a permanent open- 
ing, covered by the replaced conjunctival 
Aap, is made, UnUkc the trephinc Opera- 
tion which was evolved from it^ the La- 
grange Operation requires the same kind 
of an opening of the eyeball as required 
for a well executed Iridectomv, and a 
properly placed section entirely in scleral 
lissue> with a good sized conjunctival flap, 
are elements which enter into the ultimate 
success or failure of the procedura 

Aside from the danffers incident to a 

wide incision in the neighborhood of the 

clliary body and the possibility of aceident 

to the lens or vitreous body, or of intra- 
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ocular hemorrhage, there is for the average 
Operator the added difEculty and danger in 
reraoving a piece of sclera of the exact 
size required, The technique of the Opera- 
tion IS even more diflBcult and exacting 
ihan in the Performance of the trephine 
Operation, and it also corapares unfavor- 
ably in safety, 

The advisability of removing the con- 
junctival Aap, as advocated by Dr. Wood, 
as a modification of the Lagrange Opera- 
tion, may be seriously questioned, for aside 
from the fact that apparently no advan- 
tages in aiding permanent liltration are 
added, there is, added to the objections to 
the Lagrange Operation already men- 
tioned, the very serious disadvantage of 
subjecting the area at the root of the iris 
to infection for a prolonged period of time. 
The advantages of the protection aflFurded 
by a conjiinctival Aap far outweigh the 
disadvantages of a remotely possible inter- 
ference of drainage hy the blocking of the 
open wound with conjunctival tissue< The 
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fortunate experience of Dr. Wood in not 
having infection in a wound which remains 
open and unprotected for variable lengths 
of time is not likely to be the experience 
of any considerable niunber of Operators, 
and probably will not always be the expe- 
rience of Dr. Wood, Furthermore, the 
possibilities of damage by hemorrhage 
from the choroidal or retinal vessels, dc- 
layed formation of the anterior Chamber 
and adhesion of the capsule of the lens 
to the wound, and the injurious effeets 
of even slight trauma subsequent to the 
Operation» including loss of vitreous, are 
increased by omitting the conjunctival 
Aap. 

The modern Operation for the relief 
of glaueoma, by which a filtering scar is 
produced which permits escape of liquid 
from the anterior Chamber, is the one 
which apparently holds out the most hope 
of pennanently reheving the condition, 
While success will depend always to a 
certain extent upon the personal cquation, 
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yet it seems now that for a large majority 
if Dot al] of the cases we are justified in 
abandoning all other Operations than tre- 
phining, notwithstanding the verdict of 
Elschnig and others that fistula forming 
Operations eventually will be discarded in 
favor of iridectomy and cyclodialysis. 

Late or secondary infection, not un- 
known following iridectomy, niay follow 
the trephine Operation, and already some 
fifteen or sixteen cases have been reported. 
But while this possibility is a real danger, 
which improved technique may greatly 
minimize (Coh EUiot has not seen a case 
of secondary infection in an experience of 
OTer 1200 trephining cases of his own and 
a large niimber of others performed by 
his assistants and pupils ) the ultimate 
verdict must rest with results as compared 
with othcr measures. At presentj as 
pointed out by Meiler, whose statistics Dr. 
Wood has cited, trephining heads the list 
of remedial measures for the relief of 
gUucoma, and it has the advantage of 
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being applicable to any form of the dis* 
ease, to be relatively free from dangerr 
either immediate or remote, and to produce 
the highest percentage of favorable results. 
The addition of an iridectomy in every 
case of trephining does not unduly com- 
plicate the Operation and has much to 
commend it in offering the patient every 
possibility of relief- 
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